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ABSTRACT 

Project  2.10  was  conducted  to  verify  tbe  etfectlveneea  o<  a  waahdown  (^atem  at  a  radio- 
lofleal  souaterioeaaure  for  ahlpa.  The  avaluationa  were  made  poaalble  by  tbe  requirement 
for  waahdown>equipped  ahipa  to  be  atationed  within  the  regton  of  tactically  aigniflcant  fall¬ 
out  In  order  to  stqiport  aeveral  projeota  In  the  follout  characterization  program  of  Opera- 
tioo  Bedwing. 

To  folAU  the  iaatrumeatation  requirementa  of  Program  2,  the  Bureau  of  Shipa  teat 
ahipa*  TAQ-30  and  YAG-40,  were  employed.  Waahdown  effectlveneaa  waa  meaaured  by 
a  eomparlaon  of  gamma-radiation  field  meaaurementa  taken  in  the  unwaabed  control  area 
forwaH  and  the  waahed  after  portion  of  each  ahip. 

Tbe  teat  ahipa  participated  in  five  ahota  and  at  leaat  om  of  them  waa  auffioiently  con¬ 
taminated  la  four  of  theae  to  make  waahdown  evaiuatioa  feaaible.  Maximum  levela  of 
gamma  radiation  encountered  ranged  from  26g  mr/hr  at  11  boura  after  Shot  Plathead  to 
21.2  r/hr  at  4.6  houra  after  Shot  Tbwa.  four  eventa  provided  two  general  typea  of 
oootamlnant*  a  aoUd  particulate  material  from  Shota  Zuni  and  Tcwa  and  a  ealt-water 
aiurry  from  Shota  Flathead  and  Navajo.  The  latter  contaminant  waa  aimilar  to  that  en- 
oountered  from  Shota  4  and  5  during  Operation  Caatle. 

Torn’  accumulated  gamnoa  doae  at  the  time  of  cesedtfou  of  j^out  waa  reduced  95  to 
87  pe^mt  in  the  caae  of  tbe  aiurry  material,  and  75  to  Ml  pe%pnt  for  the  dry  ^lout 
Total  ^ae  ratea  were  reduced  at  the  end  of  waahdown  85  ]|o  98  and  85  to  95  pe^wt  for 
the  aiurry  and  dry  frdlout  fypea  respectively.  Removal  of  ^e  diy  material  deputed  on 
the  ahipa  varied  from  74  to  95  portent  at  the  time  waahd 

The  reaulta  from  Operation  Caatle  concerning  waahdcwn 
ttvely  amall  amounta  of  aalt-water  aiurry fype  fallout  are 
tioea  for  forther  teating  are  made. 
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PREFACE 

Tha  depcadenoy  of  Project  2.10  upon  the  data  taken  and  procesae;!  by  Projeot  2.71  wlU 
become  apparent  aa  the  reader  profreaaee  through  thla  report  The  rapid  and  thorough 
decontaminatloo  of  the  teat  ahlpe  between  partlelpatlone  aceoxnpUahed  by  Projeota  3.8 
and  2.9  waa  alao  neceaaary  for  succeaa.  The  coqperatloo  of  theae  projeota  in  the  deaign 
and  conduct  of  their  reapectlve  taaka  ao  aa  to  provide  the  tnatrumentatton  and  recovery 
required  for  the  evaluation  of  the  waahdowa  countermeaaure  la  grateliilly  aclmcwledged. 


8 

CONFIDENTIAL 


7 


COdTENTS 


POREWORD .  < 

ABSTRACT .  » 

PRBPACS . . . • 

CBAPTsn  1  nrraooucTioN— . - 

1.1  Objaeilys  —  —  —  —  —  —  —  —  —  —  —  11 

1.1  a«oksroHod— — —  —  —  —  —  —  —  —  —  —  — 

l.t  Thiory— — —  —  —  —  —  —  ** 

CBAPTSa  1  PROCXOURB . - . - . -  W 

5.1  OpmtioM  16 

S.S  Ia*tnua«al»aoa«adD»t»Bc<iuir*o>«Bt» —  — —  —  —  •  16 

12.1  WMhdowa  QjpBtta  —  —  —  —  —  —  —  —  —  16 

111  RadUtiM 0«t«etiM  16 

112  Tla«offtUotttCeM«tlon— —  —  —  —  — —  —  —  —  12 

114  WtodDattRaquIwnsant--  — —  —  —  —  —  —  —  —  —  —  —  —  —  ——  12 
118  Op»rtttfli>alI)»t»— — —  —  —  —  W 

CBAPTSR  2  RWUITS . 28 

11  OpcnttoM  —  —  —  —  —  —  —  —  —  —  —  20 

11.1  laalfBlflaatSbotPMticlpaUoiu---  — —  —  —  — —  —  —  —  28 

11.2  Ships' Olwratlou,  Qeaeral  —  —  —  —  — — 20 

12  Wtt*r»Boni*Cootaauia«atCoDtrlbutlon  — —  —  —  —  —  —  —  20 

12  XtUBoatos  of  tbs  CoetribuUni  from  Air^Borao  Coolsoanaat*-  — »  20 

14  Waahdowa  SlfoetiviMM  Agaloat  Slurrj>1>po  Coateminuit  —  —  —  >-  —  21 

14.1  Shocruthotd - — . 21 

14.2  SboCIteviJo  —  —  —  —  —  —  —  —  22 

18  WMbdoom BSKtivoiwM  Agiiiut Partloulato>Typo  CoBtsmiaant  «.>«><—>>-  26 

111  ihotZanl— . 26 

112  aoCTWws,  TAa  SO . 26 

112  ShotTOwa,  TAQ>40  —  —  —  —  —  46 

16  Suaunaty  of  WaahdowaEtfecttveiioBBReaulU  ^ 

CHAPTER  4  OlSCUSaON . 4T 

41  Military  StgaifioaDco  of  Radiation  Lovols  Eneountored  —  ••  >•  >-  —  •  4T 

42  Effect  of  Poaalhio  VariatiOBS  ta  Amount  of  Fallout  ia 

WaahodaadCootrol  Areas— —  —  —  —  4T 

42  Xffeet  of  laoompleta  Waalxiowa  Coverafe  —  —  —  —  —  —  —  —  —  —  —  —  42 
411  ETOOndETO —  —  —  —  — —  —  —  —  4T 


T 

CONFIDENTIAL 


4.3.2  iicD  ®DR - - - - - - - - - 48 

4.4  Factors  Influencing  WaahdoAm  Effectiveness  (Slurry  Contaminants)  ------  48 

4.4.1  Shot  Flathead.  YAG-40 . . . 48 

4.4.2  Shot  Navajo.  YAG-39 . —  48 

4.5  Factors  Ii>fluenclng  Wa.shdovm  Effectiveness  (Particulate  Contaminants)  ---48 

4.5.1  ShotZuni.  YAG-40 . 

4.3.  ir  Shot  Tevift,  YAG-C& . ■<® 

•u5.3  Shot  Tewa,  YAG-40 - - — - - 

4.5.4  Shote  Zuni  and  Tewa,  YAG-40 - - - - - -  49 

4.6  Redwing  and  Castle  Comparison  ------------------------------49 

4. 7  Washdown  Effectiveness  Against  Particulate  Fallout- -  49 

4.8  Washdown  Operating  Conditions  for  Maximum  Effectiveness  SI 

4.9  Effect  of  Ship  Design  on  Washdown  Effectiveness  -  SI 

CHAPTER  S  CONCLUSIONS  AND  RECOMMENDATIONS . S2 

5.1  Conclusions  -------------------------------------------  S2 

5.2  Recommendations  ---------------------------------------  82 

APPENDIX  SAMPLE  CALCULATIONS . - . 53 

A.l  E<jj) and  Exr ---------------------------------------- --  83 

A.2  Ej)£) and  Ejjr ------------------------------------------  S3 

REFERENCES . - . — . 88 

TABLES 

1.1  Significance  of  Washdown  EHectiveneas ---------------------- ---  ^8 

3.1  YAG-40  Operational  Data  for  Shot  Flathead- 23 

3.2  Significant  Washdown  Effectiveness  (Percent),  Shot  Flathead 

at  End  of  Washdown  (H+  2X7)---  — -------------  - -------  23 

X3  yAG-39  Operational  Data  for  Shot  Navajo  --  — - -  —  —  —  -- -----  23 

X4  Significant  Washdown  Effectiveness  (Percent).  Shot  Navajo 

at  End  of  Waahdown  (H+9.4)----------  — - - -  32 

X5  TAQ-40  Operational  Data  for  Shot  Zuni----  —  ---  —  32 

X6  Significant  Waahdown  Effectiveoesa  (Percent),  9sot  Zuni  -  -  —  —  —  —  —  —  32 
X7  Y.\0-39  Operational  Data  for  Shot  Tewa -  43 
X8  Significant  Washdown  Effectiveness  (Percent),  Shot  Tewa, 

YAa-39 . 43 

X9  YAQ-40  Operational  Data  for  Shot  Tewa 44 
XIO  Significant  Waahdown  Effectiveness  (Percent),  Shot  Tewa, 

YAG-40 - - - . - . -  44 

Xll  Total  Deck  Ooae  Saved  by  Waahdown  (Exd  at  the  End  of 

Waahdown)  _  _  _  _  _  _  _  _  _  _  _  _  _ _ _  44 

X12  (Percent)  Future  Deck  Dose  Saved  by  Waahdown  (Ejj^  at 

the  End  of  Waahdown)  - 45 

X13  (Percent)  Removal  of  Deposited  Contaminant  (Eqq  at  the 

End  of  Waahdown)”-*------  --------------------------  45 

X14  (Percent)  Future  Dose  Saved  by  Waahdown  (Edr  at  the 

End  of  Washdown)---- - 45 


8 

CONFIDENTIAL 


3.15  (Percent)  Ilemoval  jf  DuposltcJ  Contaminant  at  Time 

of  Maximum  Arrival  Rate  (Eqj^) - - - 

4.1  Poaaible  Variatlona  Between  Obaerved  and  Actual  VVashdovm 

Elffcctiveneaa  Due  to  RclaUve  Wind  Speed  and  Direction, 
Operation  Redwing  —  - - - - 

4.2  Waahdown  Effc-ctivenesa  Summary  of  Castle  and  Redwing  Results  >> 

FIGURES 

1.1  YAG-40  under  way  with  ftill  waahdo*wn  - - 

1.2  YAO''39  under  way  with  after  waahdown  only  ----------------- 

1.3  Breakdown  of  ahlptcard  deck  dose  rates  durii^  a  contaminating 

•vent 

2.1  Location  of  waahdown  noxzles  on  YAG-39  used  on  Operation  Redwing 

2.2  Location  of  washdown  nozzles  on  VAQ-40  uaed  on  C^ratlon  Redwing 

2.3  Location  of  gamma  detector  stations  on  the  YAG’s 

5.4  luteal  GITR  tape— 

3.1  Track  madsby  YAG«40  during  Shot  Flathead  participation >•••••>< 

3.2  Average  gamma  deck  dose  ratee  from  wa^.'  ad  and  unwashed 

arsss  versus  time  after  Smh  Flathead  on  YAG*4Q- 

3.3  Average  accumulated  gamma  deck  doses  from  washed  and 

tmwaahed  areas  versus  time  alter  Shot  Flathead  on  YAQ>40  —  • 

3.4  Waahdown  effectiveness  based  on  reduction  of  dose  rate  veraue 

time  after  Shot  Flathead  on  YAa-40  >.  —  •>  >>  ........... 

3.5  Waahdown  effeotivensss  baaed  on  reduction  of  total  dose  versus 

time  after  Shot  flatheed  on  YAQ-40--  — 

3.5  Track  made  by  YAG-39  during  Shot  Navajo  participation  - 

3.7  Average  gamma  deck  dose  rates  from  washed  and  unwaged 

areas  versus  time  after  Shot  Navajo  on  YAQ-39  -------  -  - 

3.5  Average  accumulated  gamma  deck  doaes  from  washed  and 

unwashed  areas  versus  time  after  Shot  Navajo  on  YAG-39  -  -  -  > 

3.9  Washdown  effecUveneas  baaed  on  reduction  of  total  dose 

rate  versus  time  after  Shot  Navajo  on  YAG-39  ----------- 

3.10  Waahdown  effeettvenesa  baaed  on  reduction  of  total  doe* 

versus  time  after  Shot  Navajo  on  YAO-39----  — --------- 

3.11  Fallout  from  Shot  Zuni  ou  the  unwashed  area  of  YAG-40  -------- 

3.12  Shot  Zuni  fUlout  on  the  washed  area  of  YAG-40  ----  -  -------- 

3.13  Shot  Tewa  fallout  on  unwashed  area  of  YAG-30-  -  ------- ----- 

3.14  Unwashed  portion  of  YAQ-39  with  fallout  from  Shot  Tewa 

In  evidence  ------------------  -  --------------- 

3.15  Track  made  by  YAO-40  daring  .‘tbot  Zuni  participation 

3.16  Average  pmma  deck  does  rates  from  washed  and  unwashed 

areas  and  the  estimate  from  the  washed  area  of  dose 

rate  contributed  by  air-bome  contamisuta  versus 

time  after  Shot  Zuni  on  YAO-40  - - - - 

3.17  Average  accumulated  gamma  deck  doses  from  washed  and 

unwashed  areas  and  the  washed  area  estimate  of  dose 

contributed  by  air-bome  contaminants  versus  time 

after  Shot  Zuni  on  YAO-40- - - - ---------------- 


45 


Sb 

50 


12 

12 

13 

17 

17 

18 
IS 
21 

22 

24 

24 


25 

25 

27 

27 

28 

28 

29 
28 
so 

30 

31 


33 


33 


0 

CONFIDENTIAL 


3.18  Washdov-ti  effectiveness  based  on  reduction  of  total  dose 

rate  versus  time  after  Shot  Zuni  on  YAG-40 - 34 

3.19  Washdown  effectiveness  based  on  reduction  of  total  dose 

versus  time  after  Shot  Zuni  on  YAG-40 - -  34 

3.20  Washdown  effectiveness  based  on  reduction  of  deposit  dose 

rata  versus  time  after  Shot  Zuni  on  YAG-40 - - - 36 

3.21  Washdovm  effectiveness  based  on  reduction  of  deposit  dose 

versus  lime  after  Shot  Zuni  on  YAQ-40  - - - - -  35 

3.22  Tracks  made  by  YAQ’s  39  and  40  during  Shot  Tewa  participation  -  -  —  -  —  36 

3.23  Average  gamma  deck  dose  rates  from  washed  and  unwashed 

areas  and  the  estimate  from  the  unwashed  area  of  the 

dose  rate  contributed  by  slr-bome  contanptnsnts  versus 

Urns  after  Shot  Tewa  nn  YAO-39-- ------  -  -  ----------------  37 

3.24  Average  accumulated  gamma  dock  deck  dosea  from  washed 

aud  unwashed  areas  and  the  unwashed  area  ostlmats  of 

dose  oontrlbuted  by  alr^bome  contamlnanta  versus 

tfms  alter  Shot  Tewa  ca  YAO-39  ---------  -  -  -  ----  -  -----  37 

5.25  Washdown  effoettveneae  based  on  reductioo  of  total  dose 

rate  versus  time  alter  Shot  Tswa  oo  YAQ-39--  —  —  - - -  —  -  38 

8.26  Washdown  effectiveness  based  oo  reduction  of  total  dose 

versus  tims  altar  Shot  Tewa  oo  YAQ-39--  — ---------- — ----  38 

3.27  Washdown  effectiveness  based  oo  reductlco  of  deposit  dose 

rate  versus  dms  after  Shot  Tewa  oo  YAQ-39------  - ---------  39 

3.28  Washdewa  effectiveness  based  oo  reduction  of  deposit  doee 

versus  time  after  Shot  Tewa  oo  YAG-39— -  —  —  —  39 

3.29  Average  gamma  deck  dose  rates  sad  esUmstes  of  dose  rates 

contributed  hy  alr-bome  cootaminants  from  washed  and 

oowaabed  areas  versus  time  after  Shot  Tewa  oo  YAO  40----------  40 

3.30  Average  accumulated  gamma  dock  (k^ea  and  estimates  of 

doses  cootrihuted  by  alr-bome  contaminantr  from 
waehod  and  unwashed  areas  versus  time  after  Shot 
TewaooYAO-40  - - 40 

3.31  Washdown  effectiveness  based  on  reduction  of  total  dose 

rate  versus  time  after  Shot  Tewa  oo  YAG-40  41 

3.32  Washdown  effectiveness  based  on  reduction  of  total  dose 

versus  time  after  Shot  Tewa  oo  YAa-40  - - - - — - - -  41 

3.33  Washdown  effectlveosss  based  oo  reductioo  of  deposit 

dose  rate  versus  time  after  Siot  Tewa  oo  YAO-40 - - - -  42 

3.34  Waahdowii  effectiveoess  baaed  on  reductioo  of  deposit 

doee  vereus  time  after  Shot  Tewa  oo  YAa-40  - - -  -  —  --  42 

4.1  Sketch  demcoatrating  bow  bulwark  oo  YAG-40  could 

collect  washdown  nmoff  and  cootsminsat--— ---------------  48 


10 

CONFIDENTIAL 


CONFIDENTIAL 


Chapter  t 

iHTROoucrm 


1.1  OBJSCTIVS 

Hm  objective  of  Project  2.10  was  primarily  to  evaluate  the  effectiveneaa  of  the  wash¬ 
down  couBtemeacure  under  Ihllout  condiUona  resulting  from  several  Redwing  shots,  and 
secondarily,  to  supplement  prior  data  on  washdown. 

The  results  from  this  project  together  with  the  tachniquee  and  material  studies  of  Pro- 
jsot  2.S  (Reference  2),  the  proposed  standard  ship  recovery  procedures  of  Project  2.9 
(Reference  3),  and  the  ahip-ahielding  determinattoas  of  Project  2.71  (Reference  4),  were 
planned  to  provide  bsslo  i^ormatioa  leading  to  the  establishment  of  a  shipboard  nullo- 
logieal  oountermassaree-sad-dacontaminatlon  system  that  could  be  recommended  to  the 
Chief  of  Haval  Operatloes  as  part  of  a  Shipboard  Nuclear  Weapons  Defense  System. 

1.2  BACKQROUMD 

Laboratory  studies  and  ship  trials  (References  5,  8  and  7),  using  fallout  simulants, 
have  indicated  that  a  washdown  qratem  capable  of  covering  an  entire  ship’s  weather  sur- 
hices  with  salt-water  spray  is  operationally  feasible,  and  provides  a  rapid  and  effective 
means  of  reducing  the  radiation  haxard  to  personnel  during  and  after  a  contaminating 
event 

Based  upon  the  simulant-type  feasibility  studios,  a  request  was  made  by  the  Chief  of 
Naval  Operations  that  the  effectiveness  of  washdown  ^sterns  be  verified  i^er  actual 
ccotsminating  conditions.  Consequently,  two  Liberty  Ships  (YAO’e  39  and  40)  were  con¬ 
verted  to  shielded,  radio-remote-controlled  test  vehicles,  one  being  equi];qped  with  a 
washdov-'d  system  and  one  without  Washdown  evaluations  were  conducted  during  Opera- 
tioa  C'AStle  (Reference  1)  and  Operation  Wigwam  (Reference  8). 

A  typical  result  obtained  during  Castle  indicated  that  the  washdown  countermeasure 
reduced  an  otherwise  potential  gamma  dose  of  300  r  at  10  hours  after  burst  by  87  to  94 
percent  and  reduced  tte  radiatloo  field  gamma  dose  rate  at  an  exposed  location  by  90  to 
9€  percent  at  the  time  Lulout  had  ended  (Reference  1). 

During  Wigwam,  a  deep  underwater  detonation  was  experienced  by  the  test  ship  equip¬ 
ped  with  washdown.  The  primsry  radiation  haxard  was  apparently  due  to  alr-bome  con¬ 
taminant  which  passed  near  the  ship,  a  situatioa  in  which  washdown  cannot  be  effective. 
There  was  little  residual  contamination  from  the  washdown  water,  even  though  the  ship 
traversed  patches  of  contaminated  ocean  (Reference  8). 

For  operation  during  the  Castle  tests,  the  TAQ-39  was  completely  equipped  with  a 
washdown  system  and  other  candidate  countsi  measures,  v^ereas  the  YAG-tO  was  oper¬ 
ated  unprotected.  Figure  1.1  shows  the  YAQ-40  with  a  Ml  washdown  system  in  operation 
(this  was  installed  subsequent  to  Castle),  and  Figure  1.2  shows  the  YAG-39  with  the  par¬ 
tial  waanJown  system  in  operation  as  used  on  both  ships  for  Operation  Redwing. 

The  ships  were  operated  together  during  Castle  and  it  was  assumed  that  each  would 
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figure  1.1  YAQ*40  under  way  with  ftill  washdown. 


Figure  1.2  YAG-39  under  way  with  after  .vashdown  only. 
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be  subjected  to  the  sam»»  amount  of  deposited  contaminant.  Thus,  the  uashdo"  n  effec¬ 
tiveness  was  to  be  obtained  b^'  direct  comparison  of  the  average  gamma  doses  and  dose 
rates  measured  on  the  sam.c  areas  of  each  ship.  In  spite  of  the  fact  that  the  ships  main¬ 
tained  station  and  were  never  more  than  1,500  yards  apart  during  fallout,  the  gamma 
intensity-time  data  indicated  that  the  ships  were  subjected  to  different  degrees  of  con¬ 
tamination.  Before  direct  comparison  could  be  accomplished,  the  gamma  history  of 


A  0««t  from  eontomlnont  dipotitcd,  hut  rtmovtd  (sovcd) 

fey  wotMowA 

•  Oott  from  dtoooiltd  eontommant  not  rtmovtd  by  votbdooA 
C  OoM  eontnbuttd  fey  Oir-  ond  wottr-bornt  contomlnont 

Figure  1.3  Breakdown  of  shipboard  deck  dose  rates  during 
a  contaminating  event. 

one  ship  had  to  be  arbitrarily  adjusted  to  account  for  prolxible  differences  in  amounts  of 
contaminant  deposited.  To  eliminate  this  variable,  it  was  recommended  that  washed  and 
unwashed  sections  on  the  same  ship  be  compared  in  any  future  tests  (Reference  1). 

During  Redwing,  the  forward  soctions  of  YAG-39  and  YAG-40  were  kept  clear  of  the 
washdown  In  order  to  assure  that  no  moisture  would  bo  carried  into  the  fallout  collection 
and  decontamination  study  areas  (see  Figure  1.2).  Thus,  the  washdown  test  conditions 
recommended  In  the  Castle  Report  (Refercnr  ' )  wore  provided  and  washdown  evaluation 
by  comparison  of  radiation  measurements  taken  in  washed  and  unwashed  areas  on  each 
ship  was  possible. 

1.3  THEORY 

During  a  contaminating  event  aboard  ship,  the  gamma  radiation  field  on  deck  is  the 
sum  of  the  radiations  from  the  contaminant  deposited  on  the  weather  surfaces,  from 
radioactive  particles  in  the  air  surrounding  the  ship,  and  from  contaminant  in  the  water 
nearby.  The  contribution  from  each  of  these  sources  to  the  total  radiation  field  at  any 
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particular  point  will  depend  on  their  relative  magnitudes  and  on  the  intervenir.g  distances 
and  structures. 

Figure  1.3  shows  how  deck  doses  and  dose  rates  can  be  suppressed  by  washdown  re¬ 
moval  of  part  of  the  contaminant  deposited  on  the  weather  surfaces  both  during  and  after 
the  contaminating  event 

Washdown  effectiveness  is  defined  as  the  percentage  reduction  of  gamma  radiation 
hazard  aboard  ship  attributable  to  washdown. 

This  effectiveness  may  be  measured  in  four  ways,  each  of  them  significant:  (1)  Per¬ 
centage  reduction  of  total  dose.  Ejo:  (-)  Percentage  reduction  of  dose  rate  from  all 
sources  (total  dose  rate).  Etr;  (3)  Percentage  reduction  of  dose  from  deposited  contami¬ 
nant.  Eqq:  and  (4)  Percentage  reduction  of  dose  rate  from  deposited  contaminant.  E^^. 
Assuming  no  difference  in  decay  rates  in  the  washed  and  unwashed  areas,  no  portion  of 
the  washed  area  is  left  unwashed,  and  no  contaminant  removal  phenomena  such  as  rain 
occurs,  these  measures  of  effectiveness  may  be  expressed  as  follows: 


Etd  (t) 

-  100 

(1.1) 

ETR  <t) 

•  100 

(1.2) 

Eod 

•  100 

|l-(Dw-a)/(Du-a)] 

a.3) 

®DR  (t) 

»  100 

jf  “  (®w  ”  A)/ (Bjj  ■-  A)| 

(1.4) 

Where:  Dw 


total  gamma  dose  accumulated  within  washdown  area  up  to  time  t 


0^  ■  total  gamma  dose  accumulated  within  unwashed  control  area  up  to 
time  t 


t  ■  time  in  hours  after  detonation 


«  gamma  dose  rate  in  washed  area  at  time  t 

Ru  <■  gamma  dose  rate  in  unwashed  control  area  at  time  t 

a  *  gamma  dose  contributed  by  the  air-  and  water-borne 
contaminant  up  to  time  t 

A  ■  gamma  dose  rata  at  time  t  contributed  by  the  air-  and  water-borne 
contaminant 


From  Figure  1.3  and  Equations  l.l  throu^  1.4.  it  can  be  seen  that  at  a  given  time  dur¬ 
ing  the  peried  of  significant  fallout,  Sqd  and  Eqr  will  be  greater,  respectively,  than  Ejq 
and  Str  because  of  the  contribution  from  air-  and  water-borne  contaminant  which  wash¬ 
down  cannot  affect  However,  after  significant  fidlout  has  ceased  and  the  ^p  is  no  longer 
in  contaminated  water,  Eqr  and  E<jr  become  equal,  but  Eq])  will  remain  greater  than  Ejq. 

During  a  contaminating  event,  the  values  of  washdown  effectiveness  will  vary,  depend¬ 
ing  on  a  number  of  factors  such  as  rate  of  fallout  arrival,  the  portion  of  the  radiation  field 
contributed  by  air-  and  water-borne  contaminant,  the  promptness  with  which  the  washdown 
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is  activates,  the  manner  in  which  the  ship  is  maneuvered  relative  to  the  surface  wind  and 
so  on. 

As  the  rate  of  fallout  arrival  decreases,  washdown  effectiveness  can  be  expected  to  in¬ 
crease  and  then  level  off  as  the  amount  of  material  being  removed  by  the  washdown  water 
becomes  less  and  less. 

For  the  purpose  of  washdown  evaluation,  the  times  of  major  interest  during  the  contani- 
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lasting  event  are  (1)  the  time  of  maximum  fallout  arrival  rate  (assumed  to  be  the  time  of 
maxiaum  dose  rate  from  airborne  contaminant)  and  (2)  the  time  of  washdown  cessation. 
The  significance  of  the  four  measures  of  washdown  effectiveness  at  these  times  la  sum¬ 
marized  In  Table  1.1. 
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Chapter  2 

PROCEDURE 

2.1  OPERATIONS 

Washdown  evaluations  were  planned  for  Shota  Cherokee,  Zuni,  Flathead,  Mavajo,  and 
Tewa. 

Operational  control  of  the  YAO*a  was  exercised  aboard  the  Naval  Task  Group's  Com¬ 
mand  Ship,  USS  Estes  (AGC-12),  from  a  central  control  and  communications  station.  The 
ships  were  positioned  according  to  the  requirement  of  Project  2.63  {Reference  9)  to  gather 
q)ecilic  data  and  information  concerning  the  nature  and  extent  of  the  fallout  from  each  of 
the  shot  participations.  Althou^  this  requirement  did  not  allow  placement  of  the  YAQ’s 
for  optimum  washdown  evaluation  conditions  during  all  shots,  it  ^d  provide  the  opportunity 
to  obtain  comparative  information  among  fairly  representative  typos  of  weapon  employ¬ 
ment,  both  on  water  and  land  surfaces. 

Based  upon  fallout  predictions,  the  YAG's  were  positioned  at  distances  varying  25  to 
80  miles  from  surface  zero.  Upon  arrival  on  station,  the  ships  were  maneuvered  to  cor¬ 
rect  for  any  alterations  in  the  predicted  bllout  path  brought  about  tty  variations  in  the  ob¬ 
served  upper  wind  structure.  Once  cither  ship  commenced  to  receive  fallout,  the  wash¬ 
down  system  over  the  after-half  of  the  ship  was  activated,  conning  was  transferred  from 
the  bridge  to  the  shielded  control  room  and  the  ship  was  manauvered  to  maintain  a  rela¬ 
tively  fixed  position  with  respect  to  surface  zero.  The  washdown  aystem  was  secured 
when  it  became  apparent  from  observed  dose  rate  decay  that  significant  fallout  had  ceased 
and  that  no  further  appreciable  removal  of  contaminant  was  being  achieved.  When  ordered 
by  the  control  station  aboard  the  AGC-i2,  the  ships  departed  station,  and  delivered  falloi  ^ 
samples  to  Bikini,  and  then  proceeded  to  Enlwetck.  Upon  arrival  at  Enlwetok,  radiological 
decontamination  and  recovery  operations  were  commenced.  When  radiological  surveys  and 
special  decontamination  studies  (Reforcnces  2  and  3)  were  completed,  the  ships  were 
readied  for  the  next  participation. 

Details  of  the  ships’  facilities  may  be  found  in  Reference  10. 


2.2  INSTRUMENTATION  AND  DATA  REQUIREUENTS 

2.2.1  Washdown  System.  The  washdown  water  on  both  ships  was  supplied  from  inlets 
approximately  20  feet  below  the  water  line  by  three  1,000-gpm  pumps,  discharging  approx¬ 
imately  2,000  gpm  at  100  psi. 

The  nozzles  were  located  to  provide  complete  weather  deck  coverage  on  the  YAG-39  for 
Operation  Castle,  and  minor  changes  were  made  for  the  Wigwam  and  Redwing  participa¬ 
tions.  Figure  2.1  shows  the  nozzle  positions  on  the  washed  portion  of  the  ship  as  located 
for  Operation  Redwing. 

The  system  aboard  the  YAO-40  was  designed  and  installed  for  the  Redwing  teats  and 
reflects  the  experience  gained  with  the  YAG-39  system.  Effectively,  the  only  difference 
was  the  arrangement  of  the  nozzles  which  is  shown  in  Figure  2.2. 

2.2.2  Radiation  Detection.  Certain  stations  of  the  gamma-radiation-detectlon-and- 
recording  system  (called  GITR,  gamma-intenaity-time  recorder)  installed  aboard  the 
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o  Pion  Vitw  of  Vortical  Notzio 
t  Location  of  Nozzto  ond  Oiroction  Aimed 

rifuro  2.1  LocoUon  of  wthdown  no**le.  on  YAO-39  u»ed  on  OpernUon  Hodwlni. 


o  Plon  View  of  Vortical  Nozzio 
♦  Locotion  of  Nozzio  ond  Oiroction  Aimed 


f Ifurn  2.2  Loention  of  vk*»hdown  notrlet  on  YAG-40  u»ed  on  Op«r»tion  Hedwinj 
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Figure  2.3  Location  of  gamma  detector  stations  on  the  YAG’s. 


Figure  2.4  Typical  GITR  tape. 
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YAG’a  for  Operation  Castle,  were  activated  by  Project  2.71.  The  Instrument  station 
locations  and  idealising  numbers  of  those  stations  used  by  Project  2.10  are  shown  in 
Figure  2.3. 

Each  station  consisted  of  a  group  of  4  detectors  positioned  3  feet  above  the  deck  sur'* 
face  and  capable  of  measurir.g  dose  rates  in  the  range  of  1.3  mrAr  to  3,600  r/hr.  The 
detectors  were  air-fUled  ion  chambers  having  a  Oat  energy  response  down  to  less  than 
100  kev.  The  ionization  current  discharged  a  capacitor  so  sized  that  when  a  given  gamma* 
dose  increment  was  received,  the  associated  electrometry  activated  a  relay  which  in  turn 
sent  a  pulse  to  a  recorder  and  also  recharged  the  capacitor.  The  data  were  recorded  as 
dose  increments  on  a  constant  speed  tape  (Figure  2.4). 

A  more*cong)lete  description  of  the  detection^d-recording  system  may  be  found  in 
Chapter  8  of  the  Project  6.4  Operation  Castle  Final  Report  (Reference  1)  and  Redwing 
Project  2.71  Interim  Test  Report  (Reference  4). 

Qomms-dose  and  dose-rate  information  as  s  ftincUoa  of  time  from  Stations  13  and  14 
ia  the  unwashed  aress  and  from  Stations  87  and  83  in  the  washed  portions  of  both  ships 
were  re<tulred  from  Project  2.71. 

The  contribution  to  d^  dose  rates,  as  measured  by  Stations  IS  and  14,  87  and  88,  of 
radiations  from  sir-  sad  water-borne  contaminants  was  estimated  by  Project  2.71  per¬ 
sonnel  from  nessurementa  taken  I7  detector  Stations  70  and  3  (air-bome  contaminant) 
aad  28,  28,  and  28  (watsr-bome  activity).  See  Figure  2.3. 

The  probable  instrument  error  of  the  reduced  data  regarding  dose  aad  dose  rate  is 
plus  Oi'  minus  fUteea  percent  The  error  In  the  air-  and  water-borne  contributions  varies 
from  plus  or  minus  25  to  50  percent  This  large  error  is  due  to  approxImsUona  necessary 
ia  the  estimaUcf  technique  <d  adjusting  recorded  values  to  meaningful  ones.  For  a  de- 
soriptloa  of  the  data  reduction  iechniquea  aad  the  aaaignment  of  errors,  see  Reference  4. 

3.2.5  Time  of  Fallout  CesaaBoo.  The  actual  time  of  fiClout  cessation  was  very  diffl- 
eult,  if  not  impossible,  to  measure.  For  the  purpoaes  of  this  report,  the  end  of  signifi¬ 
cant  fallout  for  each  participaticn  was  taken  as  the  reported  average  of  the  times  when  99 
percent  of  the  total  activity  ia  each  of  the  Project  2.43  Incremental  collectors  had  arrived. 

2.2.4  Wind  Data  Requirement  Relative  wind  speed  and  direction  data  were  provided 
la  reduced  form  as  s  (uaction  of  Ume  from  s  Bendix  Fries  wind  speed  and  direction  re¬ 
cording  set  which  was  installed  aboard  each  ship. 

2.2.8  Operatioeal  Data.  A  3.10  project  represenUUve  was  aboard  each  ship  for  each 
partlcipatloa  All  operational  data  such  as  times  of  washdown  setivstioo  and  shutdown 
sad  a  record  of  ships'  ntsaeuvers  were  logged. 
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Chapter  3 

RESULTS 


3.1  OPERATIONS 

3.1.1  toalgnlflcant  Shot  Participations.  Since  neither  of  the  test  ships  encountered 
fallout  worthy  of  mention  during  the  sorties  made  for  Shot  Cherokee,  no  washdown  evalu* 
ation  was  possible. 

The  YAQ-39,  during  the  Zuni  sad  Flathead  operations,  and  the  YAQ-dO,  during  Navajo, 
received  so  little  fallout  as  to  render  valueless  any  washdown  evaluations  based  on  data 
from  these  events. 

The  remainder  of  the  planned  participations  produced  the  data  which  follows. 

3.1.2  Ships*  Operations,  Oeaeral.  Tables  3.1,  3.3,  15,  17,  and  3.9  present  s  sum* 
mary  of  ship  operational  data  for  productive  sorties. 

The  plan  for  operational  control  of  the  test  ships  from  tlSS  Estes  worked  satislkctorily. 

Station  keeping  presented  some  difficulty.  It  can  be  seen  in  the  tables  under  the  head* 
ing,  ‘‘Course  and  Maneuver**  that  sometimes  a  stralf^t  course  at  alow  q)eed  was  aecom* 
pushed  and  at  other  times  a  figure*eight  numeuver  was  used.  This  apparent  inconsisteacy 
was  caused  by  the  fact  that  during  Shots  Navajo  and  Tewa,  the  wind  a^  sea  conditions 
were  such  that  at  minimum  speed  to  maintain  steerageway,  the  rate  of  advance  of  the  ships 
exceeded  the  Umits  reqdired  by  Project  2.61  The  figure  eight  perpendicular  to  the  wind, 
although  not  the  ideal  condition  for  washdown  evaluatioo,  was  dedcM  upon  as  a  compro¬ 
mise. 

No  instrument  failures  occurred. 

12  WATER-BORNE  CONTAMINANT  CONTRIBUTION 

The  data  from  detector  Stations  25,  26  and  23  showed  that  the  contribution  to  the  ra¬ 
diation  field  on  deck  from  water-borne  contanUnants,  Ui  all  cases,  was  less  than  one  per¬ 
cent  of  the  total  (Reference  4).  Therefore,  in  computing  the  effectiveness  of  the  washdown 
countermeasure  based  on  removal  of  deposited  material,  only  the  contribution  from  air¬ 
borne  contaminant  is  subtracted  from  the  total  radiation  measurenoents  (Equations  1.3 
and  1.4). 

13  ESTIMATSS  OP  THE  CONTRIBUTION  FROM  AIR-BOilNE 

CONTAMINANT 

As  was  indicated  in  Chapter  2,  an  effort  was  made  to  obtain  the  air-borne  particle 
contribution  to  the  deck  radiatico  field  in  both  the  washed  and  unwashed  areas  during  each 
participation.  This  was  actuaUy  possible  in  only  one  case,  the  YAQ-40*s  Tewa  experience. 
The  lack  of  one  or  the  other  of  these  alr-contrilmtion  estimates  is  not  particularly  serious, 
however,  since  in  the  instance  where  both  are  available,  they  are  not  significantly  dif¬ 
ferent,  particxtlai-ly  at  the  higher  values  where  their  influence  is  most  felt  Where  only 
one  of  these  estimates  is  available  and  it  is  appUed  in  both  areas,  wider  (t  50  percent) 
limits  of  accuracy  are  assigned  than  in  the  case  where  one  estimate  serves  as  a  cheek 
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on  the  other  (±  10  percent  at  higher  levels,  ±  25  percent  over  an  Intermediate  range  and 
±  50  percent  for  the  lowest  values).  (See  Reference  4. ) 

During  Shots  Flathead  and  Navajo,  urJortunatcly,  the  intensity  of  the  contribution  from 
the  air  to  the  gamma  field  on  deck  was  so  low  as  to  make  estimation  impractical.  There¬ 
fore,  for  these  shots,  no  measure  of  washdown  effectiveness  based  on  removal  of  deposited 
material  is  possible. 

3.4  WASHDOWN  EFFECTIVENESS  AOALNST  SLURRY- TYPE  CONTAhUNANT 

Water-surface  bursts  Flathead  and  Navajo  produced  fallout  consisting  of  high-salt' 
content  liquid  droplets,  approximately  100  microns  in  diameter  containing  radioactive 


Figure  3.1  Track  made  by  YAG-40  during  Shot  Flathead  participation. 


particles  less  than  30  microns  in  size.  This  type  contaminant  is  hereafter  referred  to 
as  a  slurry. 

3.4.1  Shot  Flathead.  Operational  Data.  Table  3.1  and  Figure  3.1  indicate  the 
operational  data  for  YAG-40  in  connection  with  Shot  Flathead.  Surface  winds  are  pro- 


n 

CONFIDENTIAL 


sented  that  their  effect  on  washdown  can  be  evaluated.  Fallout  patterns  of  course  depend 
on  the  winds  aloft. 

Radiation  and  Washdown  Effectiveness  Data.  Figures  3.2  and  3.3  pre¬ 
sent  the  average  dose  rates  and  doses  versus  time  from  the  washed  and  unwashed  areas 
(from  Stations  13  and  14,  67  and  63,  respectively). 

Two  interesting  features  of  the  dose-rate  curves  in  Figure  3.2  are:  (1)  the  length  of 
time,  some  9  hours,  from  the  start  of  fallout  to  the  peak  gamma  deck  dose  rate,  indicat¬ 
ing  a  gradual  arrival  of  fallout  over  a  relatively  long  period,  and  (2)  the  sharp  drop  ..ff 
of  the  dose  rate  in  the  washed  area  immediately  after  the  washdown  was  activated. 

The  variation  of  washdown  effectiveness  based  on  the  reduction  of  total  dose  rate  and 
total  dose  with  the  limits  of  uncertainty  denoted  the  shaded  areas  is  depicted  in  Figures 


Figure  3.2  Average  gamma  deck  dose  rates  from  washed  and 
unwashed  areas  versus  time  after  Shot  Flathead  on  YAQ-40. 

3.4  and  3.5,  respeotively.  See  Appendix  for  sample  calculations.  The  effect  of  the  abnq>t 
changes  in  dose  rates  is  not  shown  on  the  accumulated  dose  curves  because  of  the  log  scale 
and  degree  of  uncertainty  in  the  basic  data. 

Table  3.2  gives  the  particularly  significant  washdown  effectiveness  values  as  outlined 
in  Table  1.1. 

3.4.2  Shot  Navajo.  Operational  Data.  Operational  data  for  the  YAQ-39  during 
the  Navajo  sortie  are  presented  in  Table  3.3  and  Figure  3.8. 

Station  keeping  was  done  by  maneuvering  the  chip  in  a  figure  eight  with  the  long  axi» 
perpendicular  to  the  surface  wind  direction,  as  the  wind  and  seas  were  light. 
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TABLE  11  YAG-40  OPERATIONAL  DATA  FOR  SHOT  FLATHEAD 


iyp«  of  fallout 
Diauuic*  from  OZ 
Surface  wind  velocit/ 

Rain  during;  waihdown 
CouTM  amt  maneuver 
Time  of: 

First  rise  la  bacltfrouad 
Fallout  start 
Peek  air  dose  rau 
Psak  deck  dose  rate 
lad  of  fallout 
Waahdowaoa 
Washdown  off 
Peak  maaa  does  rate: 

Washed  area 
thnraahsdarea 

Meaa  total  dose  at  sad  of  washdowm 

Washed  area 
Oawaahedarea 

Tubs  waskdowa  eoBtlaaed  after 
tUloat  eeaaauoa 


Salt 'Water  slurry 
40  miles  north 
14  to  to  knots  04S* 

None 

R>  7.5  to  H  *  25,  045*  at  3  knoU 

R^9.2 

B«17.0 

a*22.2 

a^-a.s 

B«217 

0.011  r/hr 
O.MO  r/hr 

0.1Mr 

104  r 

1.0  hr 
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TABU  9.9  TAO>30  OPSBAtlOKAL  DATA  FOR  SHOT  NAVAJO 


Type  of  oontaadaast 

Sslt'water  slurry 

Olstaeoe  firom  OZ 

39  miles  north 

lutfkce  wind  veloeily 

•  knots  090* 

Bala  durlof  washdown 

None 

Coarse  and  maneuver 

8*1  to  B«  11,  Dcure  eight 
perpeadtoular  to  the  wiad 

flaw  oft 

First  rlso  la  baokirousd 

■  *10 

Fallout  dart 

B«14 

Psak  air  dose  rate 

Peak  dsek  dOM  rate 

8^10 

tadof  fkllout 

84114 

Washdown  oa 

8419 

Washdown  off 

8411 

Washdown  oa 

R4M 

Washdown  off 

8414 

Psak  meaa  dose  rate: 

Washed  area 

llTTr/hr 

Uawashedarea 

1.40  r/hr 

Meaa  total  dose  at  end  of  washdowm 

Washed  arsa 

0.731  r 

Uawashedarea 

14«r 

Time  fallout  continued  after 

washdown  wns  secured 

4.0  hr 

CONFIDSNTIAI. 


N 


f 

( 

_ _  i _ 

— 

(T 

r~ 

g 

-5- 

i  i 

■^y } 

1 

1 

1. 

S4 

Y 

_ 

s 

i' 

< 

t 

1. 

s  t 


2  2 

2  I  i 

3  * 

8  2  ®  -0 
■3  M  « 

•§5  1  I 
o  3 

d  I3  u  c 

o  »•  a,S 

3  -o  9.? 

o  o  S’ 
a  3  <u  «. 


u  ta  o  ::} 

?  T  •  « 

§  g  J  O 

ll'i 

«**• 

m 

Hit 

3l||, 

IflP 

5  5  s  f  a 


ttHHIia  IIIIHI 

hiiihIb  iinin 


i  *  I  tio4  1I9M  vfiim 


CONFIDENTIAL 


Fifor#  Tmek  madb  fcgr  YAO*39  durioc  SboC  Navajo  partlbipation. 


Washdo'A-n  was  operated  intermittently  since  it  was  necessary  for  personnel  from  other 
projects  to  be  on  deck,  and  it  was  finally  secured  4  hours  before  the  fallout  ended. 

Radiation  and  Washdown  Effectiveness  Data.  The  average  gamma 
washed  and  unwashed  deck  dose  rates  and  doses  versus  time  arc  given  in  Figures  3.7  and 
3.8. 

The  steep  drop  in  dose  rates  at  H  + 15.5  was  due  to  a  severe  rainstorm  after  washdown 
was  secured  and  all  significant  fallout  had  ceased.  This  time  was  beyond  the  area  of  Im¬ 
mediate  interest,  but  knowledge  of  the  effect  of  rain  as  a  radiological  countermeasure 
could  be  of  use  to  ships  without  washdown. 

Figures  3.9  and  3.10  picture  the  variation  of  effectiveness  based  on  reduction  of  total 
dose  rate  and  total  dose. 

The  drop  in  effectiveness  based  on  reduction  of  total  dose  rate,  (Figure  3.9)  at 
H  >  4  Is  due  to  a  faster  rate  of  rise  of  dose  rate  in  the  washed  area  th^  in  the  unwashed 
area  between  H  ^  3  and  H  4. 

Since  the  washdown  was  secured  before  significant  fallout  had  ceased  (It  was  difficult 
for  personnel  aboard  the  ships  to  determine  the  time  of  fallout  cessation),  there  is  a  drop 
in  washdown  effectiveness  (Bjji)  after  washdown  was  st(^>ped. 

Table  3.4  gives  the  significant  values  of  Exr  and  Sjq. 


3.5  WASHDOWN  EFFECTIVENESS  AGAINST  PARTICULATE  TYPE 
CONTAMINANT 

Shot  Zuni,  a  land  surface  burst,  and  Shot  Tewa,  a  water  surface  detonation  In  shallow 
water  produced  particulate  fallout  of  radioactive  particles  in  coral  residue  (Reference  9). 
See  Figures  3.11  through  3.14.  Shot  Tewa  particles  were  generally  smaller  than  those 
from  Shot  Zuni.  Althou^  the  hii^est  radiation  levels  of  the  investigation  were  obtained 
from  these  two  shots,  this  type  (hllout  is  Judged  to  be  atypical  of  that  to  which  naval  ves¬ 
sels  at  sea  are  likely  to  be  e^qwsed. 

3.5.1  Shot  Zuni.  Operational  Information.  Table  3.5  and  Figure  3.15  sum¬ 
marize  the  operational  information  for  this  shot. 

It  should  be  noted  that  the  YAQ-40  encountered  rain  squalls  during  tho  washdown  period 
which  washed  deposited  material  from  the  control  area,  thereafter  reducing  the  measured 
waahdown  effectiveness. 

From  H-*-S.5toH>6  hours,  or  for  the  first  2  hours  of  the  washdown  period,  the  ship 
was  on  a  course  such  that  the  relative  wind  was  on  the  starboard  quarter,  a  condition  not 
conducive  to  effective  waahdown,  the  aystem  of  nozzles  being  designed  for  optimu.u  water 
distribution  with  the  wind  on  the  bow. 

Radiation  and  Washdown  Sffectlveneas  Data.  Figures  3.16  and  3.17  pre¬ 
sent  the  gamma  deck  dose  rates  and  doses  versus  time,  of  the  estimated  contribution  from 
alr-bcrne  contaminant  in  the  washed  area  (from  Station  70),  the  average  total  radiation 
measurements  from  the  washed  area  (Station  67  and  88)  and  from  the  unwashed  control 
area  (Stations  13  and  14). 

Use  of  the  data  from  Station  3  in  the  unwashed  area  for  estinnation  of  the  contribution 
from  alr-bome  contaminants  was  prevented  by  the  rain  storms  which  occurred  at  H  >  7 
and  H  6  hours  (Reference  4). 

Two  points  of  interest  on  these  dose  and  dose-rate  curves  are:  (1)  the  rise  in  dose  rate 
in  the  washed  area  at  the  time  waahdown  was  secured,  and  (2)  the  near  agreement  between 
the  time  of  the  end  of  fallout  marked  on  the  dose  curves  (from  Project  2.63  collectors)  and 
the  apparent  beginning  of  the  constant  portion  of  the  alr-contribuUon  dose-estimate  curve. 
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3.7  Avara^  Camma  d»d(  doM  rates  from  waahad  aad  Fifara  3.3  AvarsBa  accumulatad  gamma  deck  doses  from  washed 

ad  areas  versus  ttne  alter  Shot  Navajo  oo  YAO-SS.  and  uawaabed  areas  versus  time  after  Shot  Navajo  oo  YAG-39. 


Figure  3.11  Fallout  from  Shot  Zuni  oo  the  unwaahed  Figure  3.12  Shot  Zunl  fallout  on  the  washed  area  of 

area  of  YAQ-40.  YAG-IO.  Light  area  aft  la  due  to  different  paint  color. 


figure  3.13  Shot  Towa  fallout  on  unwashed  area  of  YAG>39. 


Figure  3.14  Unwashed  portion  of  YAG-o9  with  fallout 
from  Shot  Tewa  in  evidence. 
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Figures  3.18  through  3.21  show  the  variation  of  the  four  measures  of  washdown  effective¬ 
ness  (Ejjj,  Exd»  EdR»  and  Ej)]),  Equations  1.1  through  1.4)  with  time.  The  upper  and 
lower  limits  of  uncertainty  (shaded  areas)  are  presented  as  determined  by  application  of 
the  plus  or  minus  15  percent  accuracy  of  the  total  dose  and  dose-rate  measurements  and 


Figure  3. IS  Track  made  by  YA(3-40  during  Shot  Zuni  participatloa. 

the  plus  or  minus  SO  percent  accuracy  of  the  air-contribution  estimate.  See  Appendix 
for  sample  calculation. 

The  relative  wind  speed  ami  direction  as  it  varied  with  time  is  indicated  on  the  dose  rate 
reduction  graphs  (Figures  3.18  and  3.20). 

The  particular  significant  values  from  tne  curves,  as  described  in  Table  1.1,  are  sum¬ 
marized  in  Table  3.0. 

The  decrease  in  effectiveness  based  on  reduction  in  dose  rate  (Figures  3.18  and  3.20) 
where  Etr  drops  from  8S.3  to  79  and  from  8S  to  79,  after  washdown  was  secured,  is 
due  to  the  dose  rate  increase  in  the  washed  area  at  the  same  time  (Figure  3.16). 
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TABLE  3.4  SIGNIHCANT  WASHIX)WS  EFFECnVENESS  'PERCENT), 
SHOT  NAVAJO  AT  END  OF  WASHDOWN  (H*9.4) 


Lower 

Obterved 

L'ppec 

Limit 

Limit 

Exd 

82 

87 

90 

®Tn 

82 

87 

90.4 

TABLE  IS  YAQ-40  OPERATIONAL  DATA  FOR  SHOT  ZUNl 


Tjfm  of  {tllout 

Paniculata  coral  roaldua 

Ol«Uac«  from  OZ 

SS  milaaoartk 

Slir&o«  «iad  TolooltF 

ZOkaoUOOS* 

Bala  dariag  wuMowa 

S  ta  IS  mia  at  8  ♦  7, 

IS  mlaat  B«l 

Coarw  tad  raaaMvar 

B«3toH«8.  270*  at  11  kaotai 
Bat  to  8^18.  04S*  at  2  kaota 

Tlawoft 

flrat  flat  ta  bacasrauad 

BaXS 

Fallout  atart 

B»X4 

Faak  air  doaa  rata 

B«Xf 

Peak  daek  doaa  rata 

a«xs 

Bad  of  fallout 

B<^xa 

Waakdowaoa 

B*XS 

Waahdowa  off 

B»)XS 

Paak  Btaaa  doaa  ratat 

Waakadaraa 

LSt  r/kr 

Oauaakad  araa 

XS4  r/kr 

Mcaa  total  doaa  at  and  of  waakdowm 

Waakadaraa 

X73r 

Uawaahadaraa 

41.tr 

TiBw  waabdoura  eontiauad  altar 

Bdlout  coMatloa 

7.3  kr 

TABLE  X«  aniQFlCANT  WASHDOWN  EFFECTIVENESS  (PERCENT),  SHOT  ZDNI 


AtTlBWofPaakOoMRate  At  Ttnw  r(  Sad  ol  WasMowi 

Air  Cotrtbuttoa  (H*XS)  _ (H^tXS) _ 


Louar 

Limit 

Obaarrad 

Vfp^r 

Umii 

Lowar 

Limit 

Obaarrad 

Llaut 

*TD 

73 

7t 

84.8 

«TR 

81 

8X8 

tt 

*DO 

72 

83 

91 

•OB 

7t 

93 

itt 

81.8 

88 

87.8 

sa 
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f  a.16  Average  gamata  deck  doee  ratea  from  waehert  Vlgiura  *.17  Average  accainuiated  deck  doaee  from 

tswaehed  areas  aad  tbe  esUnaate  from  Um  waahed  area  washed  and  unwashed  areas  and  the  washed  area  estimate 
se  rate  contributed  tqr  air-Hhorne  contamlnaats  versus  of  dose  contributed  by  air-bome  cooUmloants  versus  time 
after  Shot  Zuni  on  TAO-40.  after  Zunl  on  YAQ~40. 
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3.5.2  Shot  Tewa,  YAG-3a.  Operational  Data  (YAG-39).  A  statement  of  the 
significant  operational  data  for  YAG-39,  Tewa  is  given  in  Table  3.7.  Figure  3.22  is  a 
track  chart  for  both  YAG’s  during  the  Tewa  participation.  YAG-39  kept  station  with  a 
combination  of  the  "slow-into-thc-wind”  procedure  and  the  figure-eight  maneuver. 

Note  that  the  start  of  fallout  coincides  '^ith  the  first  Indication  of  a  rise  in  background 
and  that  from  the  start  of  fallout  to  the  peak  air  dose  rate  only  two  and  a  half  hours  elapsed, 
indicating  a  rapid  rate  of  fallout  arrival. 

Notice  also  that  during  this  time  of  rapid  failout  arrival,  the  washdown  was  secured 
from  H  +  2.7  to  H  +  3.1,  and  then  was  operated  intermittently.  This  was  done  to  allow  access 
to  the  deck  for  personnel  from  other  projects. 

Radiation  and  Washdown  Effectiveness  Data  (YAQ-39).  The  estimate 


Figure  3.22  Tracks  made  by  YAQ's  39  and  40  during 
Shot  Tewa  participation. 


of  air  contribution  in  the  unwashed  area  and  the  washed  area  and  total  gamma  deck  dose 
rates  and  doses  are  presented  in  Figures  3.23  and  3.24. 

The  data  from  itation  70  in  the  washed  area  was  rendered  unsuttable  for  estimation  of 
the  contribution  to  the  radiation  field  on  deck  from  air-borne  contaminant  by  the  inter¬ 
mittent  action  of  the  washdown. 

In  Figure  3.23,  notice  the  very  steep  rise  in  dose  rate  in  the  washed  area  prior  to  H-*’3 
hours  and  the  lesser  slope  after  H>3,  almost  exactly  coincident  with  reactivation  of  the 

36  Continued  on  Page  46 
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S<23  Aversf*  fcuona  Asck  doM  TM03  from  wUhod  Vtfiur*  9.S4  Axmngo  >coumuUted  gunma  duck  dos«s  from 

ood  uoH^Mkod  «rM«  and  tii*  from  Um  twwaabed  waabod  and  tmwaahod  areas  and  the  unwashed  area  esUmau 

are«  th«  dose  re-io  coat^ibuied  bjr  air'^  boras  coRtaralniuiUl  of  doao  contributed  by  air-borne  contaminants  versus  time 

versus  time  after  %di  Tetva  00  VAQ-iO.  after  Shot  Tdwa  on  YAa-39. 


Figure  ^27  Wubdown  elfeottveaeu  buad  oo  riKktcttoii  of  Figuro  S.2»  Wasbdown  effecUveneM  based  oa  reducUon 

deposit  dose  rate  versus  tttne  after  Shot  Tewa  oo  YAO-SV.  of  deposit  dose  versus  Ume  after  Shot  Tewa  on  YAG-39. 

Shaded  area  indicates  estimate  of  uncertainty.  Ship  all-  Shaded  area  indicates  esUmate  of  uncertain^, 

bouettes  indicate  approstmate  headii^s  and  arrows  indicate 
relaUve  wind  direction.  Wind  speeds  are  in  knots. 
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TABI-E  3.7  yAG-39  OPERATIOHAL  DATA  FOR  SHOT  TEWA 

Particulate  coral  residue 
25  miles  north 
S  knots  109* 


Type  of  contaminant 
Distance  from  GZ 
Surface  wind  velocity 
Rain  during  washdown 
Course  and  maneuver 


Time  oft 

First  rise  la  backgrouad 
Fallout  start 
Peak  air  dose  rate 
Peak  deck  dose  rate 
Kad  of  fallout 
Washdown  on 
Waahdoarn  oft 
Washdown  on 
Washdown  off 
Washdown  on 
Washdown  off 
Washdown  on 
Washdown  off 
Washdown  on 
Washdown  off 
Washdown  on 
Washdown  off 
Washdown  on 
Washdown  off 
Washdown  on 
Washdown  off 
Washdown  on 
Washdown  off 
Peak  nMaa  dose  ratal 
Washed  area 
Unwashed  area 

Mean  total  dose  at  end  of  waahdownt 

Washed  area 

Unwaahcd  area 

Time  washdown  contlaued  after 
fallout  uessatioo _ 


Kooe 

U  *  2  to  H  *  4.7,  110'  at  2  knots 
toH''20,  figure  eight 
perpendicular  to  wind 

H*2.0 

R«2.0 

H*4.5 

B*4.9 

a*lX5 

B*2.1 

B*2.7 

B*Xt 

B*9.7 

B*i0.2 

Be  10.1 

B«11.9 

B>lk.> 

H«tS.I 

H«llf 

a«is.» 

B*l«.2 

B«l«.» 

B*^1T.« 

B*1T.7 

B«t8.« 

B*^18.7 
a-*  20.4 

T.94  r/hr 
21.2  r/hr 

2X»r 
149  r 

4.9  hr 


TABLS  2.1  aONlFlCANT  WASHDOWB  SFFSCTlVBNSSt  (PBBCBNT). 
8BOT  TBWA,  TAO<2» 


At  Ttine  of  Peak  Doan  Rato 
Air  CoatribnUon  (B>4.l) 

At  Tlaia  of  End  of  Washdown 
fH>20.4) 

Dower 

Unit 

Otteerved 

Upper 

Uadt 

Dower 

Liaalt 

Obasrved 

Upper 

Lialt 

•to 

Tt 

94 

99 

•ra 

91.8 

M 

98.9 

•do 

90 

99 

H 

•dr 

70 

S2 

90 

99 

90 

97 
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TABLE  19  YAC-W  OPERATIONAL  DATA  FOR  SHOT  TEWA 


Type  ot  contamiatat 

Particulata  coral  rcaidua 

DiaUsca  from  CZ 

to  Oillea  Dorthweat 

Surface  wind  velocity 

•  kaota  109* 

Rain  duiiaE  waahdowa 

Nona 

Courae  and  maneuver 

B  *’4.7  to  H  ♦  17,  figure  eight 
parpeodicular  to  tha  wind 

Time  of: 

Firat  Hta  in  backtround 

B-*4.9 

Fallout  Mart 

B«10 

Peak  air  doaa  rata 

B-»1S 

Peak  dack  doaa  rata 

H*7.3 

Bad  ot  IkUout 

B«i4.a 

WaaUoiraoa 

■  «10 

Waakdon  off 

B^iia 

Maaa  doaa  rata  peak 

Waahadaraa 

L7(lr/kr 

Oawmaliad  araa 

S.4«r/kr 

Maaa  total  doaa  at  aad  of  wtabdowM 

Waahadaraa 

to.ar 

Camabadaraa 

M.ar 

TlBM  waahdowa  ooattauad  aftar 

MUoat  caaaatloa 

LOkr 

TABU  110  aomncAM?  WAsaaonm  srnc-nvsMXss  (PsaczMT). 

SBOT  nWA.  YAO-OO 


At  Tlaw  ot  Peak  Doaa  Bata 
Air  CoBtrlhutliai  ai*S4) 

At  Tima  of  Sad  o<  Waahdowa 
Olalia) 

Limit  Uadt 

Lower 

Lladt 

Ohaanrad 

Upper 

Limit 

•id 

n 

79 

U 

*Ti 

u 

S7 

91 

■do 

74 

U 

•9 

■l» 

71  7S  M 

•a 

M 

M 

TABUC  111  TOTAL  OBOC  OOBB  BAYSO  >T  WASHDOWN  (Bn  AT  TBB  IND 
or  WASBOQWII) 


Lawar 

UaUt 

Ohaarvad 

qppar 

limit 

Avaraga 

pot 

pot 

pot 

abaolotar 

Partloulata 

Towa.  YAtm 

79 

M 

as 

US 

FUlout 

SuBl.  TAO-49 

7I» 

79* 

•4.9* 

919* 

Tiwa,  TAO-M 

79 

79 

U 

tS.0 

Surry 

riathoad.  TAO-M 

•4.9 

•4 

97 

191 

fallout 

Navajo.  TAO-a9 

tt 

f 

•7 

9» 

4.79 

*  ValMt  nduoad  bgr 
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TABLE  3.12  PERCENT  FUTURE  DECK  DOSE  SAVED  BY  WASHDOWN 
(Etr  at  the  end  of  WASHDOWN) 


Lower  Limit 

Observed 

Upper  Limit 

Particulata 

Tcwa.  VAQ-39 

91.5 

94 

95.3 

Paltout 

Tewa.  YAa-4a 

83 

87 

91 

Zuni,  YAC'40 

81* 

85.5* 

89* 

Slurry 

PUthaad,  YAQ-40 

98 

97 

98 

Pallout 

Navajo,  YAO-39 

83 

87 

90.4 

*  Valu«a  nducad  by  riio. 


TABLE  3.13  PERCENT  REMOVAL  OP  OEP081TSO  CONTAMl.HANT 
OOD  AT  THE  END  OP  WASHDOWN) 


Loaar  Uadt 

Ofaaarvad 

Uppar  Umlt 

PstUcttiata 

Tam.  TAa-39 

84 

•• 

N 

Pallout 

Z«l.  TAa>40 

n* 

S3* 

•1* 

Tawa.  YAOkdO 

74 

83 

I* 

*  Valuaa  rwbwad  fay  r«la. 


TABLE  X14  PERCENT  PVTURS  DOSE  SAVED  BY  WASHDOWN  (Eor 
AT  THE  END  OP  WASHDOWN) 


Lowar  Umlt 

Obaarrad 

Upper  Umlt 

Partlcttlata 

Tarn.  TAO<38 

83 

99 

97 

Pallout 

Tsvra.  YAO-tO 

83 

88 

83 

Zuat.  YAO-44 

78* 

81* 

84* 

*  VtlUM  radaead  fay  rala. 


TABLE  3.19  PERCENT  REMOVAL  OP  DEPOSTEO  CONTAMINANT  AT 
TIME  OP  MAXmUU  ARRIVAL  RATE  (Eqr) 


Lower  Uatlt 

Obaarrad 

Uppar  Umlt 

Zual.  YAO>44 

78 

93 

100 

Ta«a,  YAQ-39 

70 

83 

90 

Tarn.  YAO-40 

71 

78 

84 
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washdown  system  at  H  +  3.1.  Also,  the  air-contribution  dose-rate  estimate  Indicates  the 
possible  presence  ot  air-borne  activity  which  did  not  fall  out  on  the  ship. 

In  Figure  3.24,  the  time  of  fallout  cessation,  as  determined  from  the  Project  2.63  col¬ 
lectors,  agrees  closely  with  the  start  of  the  constant  portion  of  the  air  contribution  dose 
estimate  curve. 

Washdo'Arn  effectiveness  Is  presented  in  Figures  3.25  through  3.28.  The  drop  in  effec¬ 
tiveness  shown  in  all  of  the  curves  marks  closely  the  time  when  the  washdown  was  turned 
off  at  U-«-2.7. 

Relative  wind-^ieed-and-direction  data  from  the  approximate  end  of  fallout  to  the  end  of 
washdown  la  not  available.  See  Table  3.8  for  a  summary  of  important  effectiveness  values 
from  YAQ-39  during  the  Tewa  exercise. 

3.8.3  Shot  Tewa,  YAO-40.  Operational  Data  (YAG-40).  Table  3.9  and  Figure 
3.22  display  pertinent  operational  data  for  the  Towa  participation  of  YAG-40. 

la  this  case,  station  keeping  waa  done  uaing  the  figure-eight  procedure  exclusively. 

Radiatloa  and  Washdown  Effeotiveness  Data  (YAQ-40).  Thedose 
rate  and  doee  data  for  the  air-bome  contribution  (both  in  the  washed  and  unwashed  areas 
from  Stations  70  and  3  respectively),  and  total  dose  and  dose-rate  data  from  the  trashed 
and  unwashed  areas  are  shown  In  figures  3.29  and  3.30. 

This  Is  the  only  case  where  it  was  possible  to  sstinaats  the  ccntributlon  to  the  radiation 
field  from  air-bome  contanoinants  in  both  the  washed  and  unwashed  areas. 

17m  dose  rate  la  the  amshed  area  exhibits  an  Increase  at  the  end  of  washdown  la  Fig¬ 
ure  3.29  as  occurred  on  the  YAG-40  during  the  Zuni  participation  (Figure  3.16). 

TIm  end  of  fallout,  as  evidenced  by  the  fialtening  of  the  air  coatributioa  dose  curves 
in  flgurs  3.30,  apprtudmstes  again  the  end  of  fallout  as  measured  by  the  Project  2.03 
Instruments. 

TTm  effectiveness  results  are  given  la  Figures  8.31  through  3.34. 

In  Figures  3.31  and  3.33,  the  drop  in  effectiveness  based  on  reduction  of  doee  rate 
^®TR  ®DR)  the  end  of  washdown  is  due  to  the  Jump  in  dose  rate  in  the  washed 
ares.  Tbs  dip  in  the  effectiveness  curves  in  the  same  figures  at  approximately  H  ^  8 
hours  is  due  to  the  drop  in  dose  rate  in  the  unwashed  control  area  at  that  time.  See  Fig¬ 
ure  3.29. 

The  inoportant  values  from  these  curves  are  given  in  Table  3.10. 

3.8  SUMMARY  GF  WASHDOWN  EFFSCUVSNESS  RESULTS 

Tables  3.11  through  3.1S  summarise  the  results. 
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Chapter  4 

Dtscussm 


4.1  WUTARY  SIGNIFICANCE  OF  RADIATION  LEVELS  ENCOUNTERED 

As  noted  in  Chapter  3,  the  gamma  radiation  hazard  recorded  on  the  test  ships  was  not 
particularly  dangerous,  with  the  possible  exception  of  that  on  the  YAa-39  during  Tewa 
sorties. 

According  to  preliminary  estimates  contained  in  the  Program  2  Summary,  '^Fallout 
Studies  During  Operation  Redwing*  (Reference  11),  the  radiation  hazard  encountered  on 
the  test  ships  codd  have  been  as  much  as  10  times  as  great,  had  they  been  positioned 
differently. 

This  is  not  to  infer  that  the  washdown  effectiveness  would  have  been  the  same  with 
this  additional  amount  of  fallout,  but  to  point  out  that  situatiens  could  have  existed  where 
washdown  would  have  been  more  of  a  military  necessity  than  it  was  aboard  the  tost  ships 
during  Operation  Redwing. 

4.2  EFFECT  OF  POSSIBLE  VARUTIONS  IN  AMOUNT  OF  FALLOUT 

IN  WASHED  AMD  CONTROL  AREAS 

Washdown  evaluation  by  conoparison  of  radiation  noessurements  taken  in  the  forward 
and  aft  sections  of  a  ship  cannot  be  considered  ideal  although  it  la  preferable  to  the  use 
of  Independently  operat^  ships  as  test  and  control  areas.  Weather  surface  geonoetry, 
changing  fallout  particle  size,  and  wind  speed  and  direction  are  interrelated  factors  which 
cause  differences  in  the  amounts  of  contaminant  delivered  fore  and  aft. 

Radiation  measurements  taken  during  two  sorties  of  the  YAa-40  (without  washdown) 
during  Operation  Castle  show  that  doses  accumulated  aft  were  higher  than  forward  by  8 
and  30  percent  when  the  wind  waa  aft  or  on  the  beam.  With  the  wind  over  the  bow  on  the 
third  sortie,  the  dose  aft  waa  lower  by  17  percent  than  the  dose  forward. 

The  Dgura>ei^t  maneuver  broadside  to  the  wind,  used  on  3  sorties,  and  running  before 
the  wind  on  one,  during  Redwing,  would,  on  the  basis  of  the  above  data,  provide  teat  con* 
ditions  leading  to  low  values  for  washdown  effectiveness.  One  run  wss  made  with  the  wind 
on  the  bow,  a  condition  which  would  tend  to  provide  inflated  values  for  effectiveness. 

Tsble  4.1  presents  the  maximum  and  minimum  measured  values  for  waichdown  effective* 
nese  and  baaed  on  the  above-mentioned  Castle  experience,  the  posalbte  actual  values  for 
both  relative  wind  condiUons.  Since  the  Castle  data  applies  primarily  to  the  slurry-type 
foilout.  no  estimate  can  be  made  of  the  effect  of  varying  physical  characteristlos  of  thd 
contaminant. 

No  attempt  has  been  made  to  apply  these  corrections  generally  to  the  Redwing  data  be¬ 
cause  of  the  hi^  degree  of  uncertain^  involved.  Also,  it  ie  apparent  from  Table  4.1  that 
vvlsdspeeda  were  lower  during  Operation  Redwing  than  during  Operatioa  Caatle  and  so  it 
is  expected  that  fore  and  aft  variations  in  amount  of  contaminant  would  have  been  less.  It 
ie  felt  that  these  test  conditions  do  not  seriously  prejudice  the  results. 

4.3  EFFECT  OF  INCOMPLETE  WASHDOWN  COVERAGE 

4-3.1  Etd  and  Etr»  In  Figures  1.1  and  1.2,  it  can  he  seen  that  the  kingpost  in  the 
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washed  area  of  both  ships  was  not  thoroughly  covered  by  the  spray.  Contaminant  on  the 
kingpost,  which  is  close  to  the  washed  area  detectors,  would  tend  to  make  the  readings  in 
the  washed  area  higher  than  if  this  condition  had  not  existed  Thus,  thn  effectiveness 
based  on  reduction  of  total  dose  and  dose  rate  (Ejn  measured,  is  less  than 

it  would  have  been  if:  (the  kingpost  h.ad  been  tlioroughly  washed,  and  (2)  the  washed  area 
detectors  had  been  located  farther  from  Uie  kingpost. 

1.3.2  Epo  and  EpR.  Station  70,  from  which  data  was  obtained  to  estimate  the  air¬ 
borne  contaminant  contribution  in  the  washed  area,  is  shielded  so  as  not  to  be  influenced 
by  radiation  from  the  kingpost  Therefore,  the  radiation  from  this  source  was  not  sub-' 
tracted  out  with  the  air  contribution  e.stimatc,  and  the  effectiveness  values  based  on  re¬ 
moval  of  deposited  material  (EpD  and  Ej)ji)  are  biased  unfavorably,  since  the  wanbdown 
la  charged  with  not  having  removed  contaminant  which  it  could  not  reach. 

This  factor  is  a  function  of  the  design  of  the  washdown  i^stcm,  but  tlie  cases  in  point 
are  typical  since  masts,  antennae,  etc. ,  are  often  left  untouched  by  existing  shipboard 
washdown  systems. 


4.4  FACTORS  INFLUSWCIKO  WASHDOWN  S7FECT1VEHES3 
(SLURRY  CONTAMINANTS) 

4.4.1  Shot  Flathead,  YAO-40.  The  fallout  period  waa  long,  the  amount  of  mntorial 
depoaited  was  apparently  slight,  and  the  fallout  particles  were  small.  These  factors 
combined  to  make  for  exceptional  washdown  effectiveness. 

4.4.2  Shot  Navajo,  YAO-39.  Unfortunately,  the  washdown  was  secured  before  the 
Navajo  fallout  had  ceased.  This  hot,  coupled  with  intermittent  operation,  preventod  the 
washdown  from  achieving  maximum  effecUvenesa. 


4.S  FACTORS  INFLUENCINO  WASHDOWN  EFFECTIVENESS 
(PARTICULATE  CONTAMINANTS) 

4.5.1  awt  Zunl,  YAQ-40.  The  relative  wind  blowing  from  the  quarter  for  the  flist 
3  hours  of  fiUlout  may  Lave  reduced  the  effectiveness  of  the  washdown.  The  rain  tra¬ 
versed  by  the  YAO-40  during  the  Zuni  f&llout  period  removed  somo  contaminant  from  the 
unwashed  control  area,  thereby  reducing  the  radiation  level  there,  without  a  correspond¬ 
ing  reduction  in  the  washed  area.  The  reiulting  effect  was  a  false  reduction  of  effective¬ 
ness  values.  Continuation  of  washdown  for  7  hours  aftor  the  end  of  fallout  increased 
washdown  effectiveness  3  to  5  percent  above  the  effectiveness  at  the  end  oi  fallout 

4.8.2  Shot  Tewa,  YAO-39.  The  intermittent  operation  of  the  washdown  system  cer¬ 
tainly  had  an  adverse  effect  on  the  washdown  effect! veimss  early  in  the  fallout  period,  snd 
had  It  been  operated  continuously,  greater  effectiveness  would  have  been  achieved.,  partic¬ 
ularly  effectiveness  baaed  on  dose  reduction. 

Continuation  of  the  washdown  for  S  hours  after  the  cessation  of  fallout  increased  the 
effectiveness. 

i  8.3  ffliot  Tewa,  YAO-40.  Continuous  operation  of  the  washdown  system  vms  prac¬ 
ticed,  but  the  washdown  was  secured  only  I  hour  alter  the  end  of  fallout.  If  washdown 
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had  been  continued  longer,  effectiveness  would  have  increased.  The  drop  in  dose  rate  of 
H  + 17  hour?  was  due  to  decoutarninalion  by  ship’s  force  at  that  time. 

4.0.4  Shots  Zunl  and  Tewa,  YAG-40.  An  abrupt  rise  In  dose  rate  in  the  washed  area 
on  VaG“40  coincided  with  the  turning  off  of  the  washdown  during  both  Zuni  and  Tewa.  Tnis 
phenomenon  occurred  only  on  YAG-40  and  waa  noticeable  only  with  particulate  type  of 
fallout.  Possible  causes  for  this  occurrence  follow; 

1.  Contaminant  collected  near  the  ship’a  rail  and  around  nearby  drains  could  have 
been  shielded  by  the  slant  thickness  of  washdown  water  on  deck  between  the  contaminant 
and  the  detector.  tVbun  the  washdown  system  was  secured,  the  water  drained  over  the 
aide,  the  shielding  was  removed,  and  the  dose  rate  seen  by  the  detector  increased. 

U  the  above  is  assumed  to  l>s  correct  then  differences  in  drainage  may  have  been  the 
rcascsi  why  a  similar  increase  In  dose  rate  was  noC  observed  on  the  YAG-39  during  Tows. 
On  this  ship  there  is  no  bulwark  or  rail  near  the  detector  i'n  the  washed  area  to  hinder  the 
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Figure  4.1  Statch  demonstratieg  how  bulwark  on  TAa-40 
could  collect  washdown  runoff  and  contaminant.  Not  to  scale. 

discharge  of  water  over  the  side,  as  on  the  VAQ-4b.  It  Is  also  possible  that  difforcncca 
in  trim  may  have  favored  a  build-up  of  water  in  this  area  on  the  YAO-40  while  favoring 
runoff  on  the  YAQ-39. 

2.  Additional  fallout  could  have  arrived  at  this  time,  although  the  contribution  to  deck 
dose  rates  from  air-borne  contaminant  does  not  clearly  indicate  that  thia  is  the  case.  A 
small  constant  change  in  dose  rate  in  both  test  areas  would  be  more  noticeable  in  the 
washed  area  then  in  the  unwashed  section. 

3.  Preferential  removal  by  the  washdown  of  one  or  more  isotopes  may  have  disturbed 
parent-daughter  equilibria,  resulting  in  temporary  changes  in  decay  rate  until  equilibrium 
was  restored,  IndicaMon  of  thin  phenomenon  wss  reported  following  ship  and  aircraft  de~ 
contamination  at  Operaiion  Castle  (Hefercnce  1).  However,  it  is  difficult  to  explain  why 
this  was  not  apparent  in  the  yAG-39,  Tewa  dose-rate  curves. 

4.6  KEDWINO  AND  CASTLK  COMPARISON 

Table  4.2  presents  a  summary  of  Operations  Redwing  and  Castle  results.  The  fallout 
encountered  by  the  YAQ's  during  Operation  Castle  had  the  same  physical  characteristics 
as  that  from  Shots  Flathead  and  Havnjo  during  the  Redwing  series,  though  referred  to  as 
a  fine  mist  during  Castle  and  a  slurry  during  Redwing  (References  1  and  9). 

4.7  WASHiXJWW  RFFECTIVSNESS  AGAINST  PARTICULATE  FALLOUT 

Table  4.2  indicates  that  when  particulate  emtaminant  was  encountered,  washdown  was 
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TABLE  4.1  POSSIBLE  VARlATtONS  BETA'EEN  OBSERVED  '.JID  ACTUAL  WASHDOWM 
EFFECTlVENESa  DOE  TO  RELATIVE  WIND  SPEED  AND  DIRECTION. 
OPERATION  REDWING 


Principal 

Wind  Direction 

Ran(a  of  Hotatlva 
Wind  Spaed 

Ranga  of  Obaarved 
BffecUvrnaaa 

Range  of  Poaaible 
Actual  Effectivenaia 

kaota 

*IX)P«t 

*td  p®* 

Abeara  and  Aatam 
(flEura  8  manauvar 
and  Shot  Zunl  parti* 
oipaUoa) 

10  to  20 

(Caatia  IS  to  25) 

70  to  ST 

so  to  91 

Wind  ovar  Bow 
(Shot  Flathaadl 

IS  to  IT 

(Caatlo  2S  to  30) 

M 

•S 

TABU  4.a  WA«iOQiW}«  tFFSClIVSNEBS  SUMMARY  OF  CA3TLX  AND 
MOWtNO  RESULTS 


Caatia 

Radwlas 

pot 

pel 

Sfurry  Contamlnantt 

ladof&Oloitt 

*to 

SttoM 

Mto»7 

*111 

S«to9« 

Mto9S 

lad  of  waahdowa 

S  boura  after 

l.S  boura  aflar 

aad  of  (hllout 

aad  of  fallout 

•td 

SSto9S 

Mto9S 

*1* 

SStoST 

9ito97 

Partloulata  Coatamlaantt 

Sad  of  fallout 

No  waahdown  avalaa* 

*TO 

tioa  of  thla  tFpa  of 
ooataaUaaat  dnrlac 
Operatlao  Caatia 

TttaSS 

*1* 

SStoM 

Sad  of  waahdowa 

Ihwraaftar 

•to 

aadof  bUout 
•ItoSS 

*tr 

SStoOS 
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less  effective,  but  with  continued  washing  after  fallout  had  ceased,  the  reduction  in  dose 
rate  approached  the  effectiveness  achieved  against  the  slurry  contaminant 


4.8  WASHDOWN  OPSRAllNO  CONDITIONS  FOR  MAXIMUM  EFFECTIVENESS 

The  following  stipulations  are  put  forth  for  achieving  maximum  washdown  effectiveness. 
Washdown  should:  (1)  be  activated  as  soon  as  possible  after  fallout  arrival  is  detected; 

(2)  be  operated  continuously,  particularly  from  beginning  of  fallout  through  the  time  when 
the  peak  dose  rate  is  reached;  and  (3)  be  operated  as  long  as  possible  after  fallout  ceases. 


4.9  EFFECT  OF  SHIP  OESIQN  ON  WASHDOWN  EFFECTIVENESS 

Studly  of  Figures  3.11  throu^  3.14  reveals  that  collection  of  fallout  material  could  be 
greatly  reduced  by  changes  in  the  configuration  of  the  weather  surfaces  of  ships.  Deck 
seams,  areas  with  poor  drainage,  gun  tubs  and  other  projections  on  the  weather  decks 
are  points  where  the  contaminant  collected.  Washdown  would  be  more  effective  on  a 
more  streanallned  ship,  (aee  Figure  4.1). 
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CONCLUSIONS  and  RECOMMENDATIONS 

S.l  CONCLUSIONS 

Four  ccnolutionc  am  be  dr^wn  from  the  results  of  this  test.  They  are: 

1.  The  washdown  effectiveness,  as  reported  from  Operation  Castle,  Is  substantiated 
when  employed  against  a  slurrytype  contaminant 

2.  Lesser  effectiveness,  73  to  83  percent  vermis  8?  to  97  percent  reduction  of  total 
gamma  dose  at  the  end  of  fallout  v.as  achieved  againat  the  Zunl->Towa  coral  residue  fhllout 

S.  Maximum  washdown  effectiveness  is  achieved  by  prompt  activation  at  the  start  of 
the  contaminating  event  and  fay  continuous  operation  at  long  as  possible  after  the  fallout 
has  cessed  Washing  altar  fallout  cessation  Is  particularly  advantageous  in  the  esse  of 
the  psrtlcujate  contaminant 

4.  Washdown  sffectiveness  am  be  msterislty  increased  by  smooth  and  well>drain«d 
ihip  weather  turfaeee. 

5.3  RECOMMENDATIONS 

It  is  desirable  to  extend  knowledge  of  the  value  of  the  washdown  countermeasure  under 
two  sddiUonsl  cireumetancee  beyond  those  obtained  in  past  tests  and  appUccble  to  ships 
St  sea  or  shore  approechce.  They  are:  {X)  under  eonumsinating  conditions  produced  by 
a  reisU\'ely  shallow  imderwaler  burst  with  its  attendant  base  surge  and  fallout,  which 
would  contaminate  at  very  early  Uraee  after  burst  la  a  short  time  interval,  and  presum* 
ably  to  a  greater  degree  then  in  previous  experiences,  and  (3)  under  contaminating  con¬ 
ditions  of  a  water  surface  buret  in  a  region  of  intense  hUlout  such  as  have  been 
eacoontered  in  this  test  series  (Reference  11)  where  hig^  Oethal)  radiation  dose  would  be 
encountered. 

It  is  therefore  recommended  that  washdown  evaluations  be  accomplished  under  the 
above  eircumstancae. 
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Appendix 

SAMPLE  CALCULATIONS 


A.1  Etc  AMO  E^ 

T)m  fflflthod  uavdtor  tundiing  th«  Umitt  of  accuracy  when  applied  to  th«  radiatioa  n»aaurementa  la 
EquaUoa  1.1  and  1.2  ta  aa  follo%a$ 


r 

*Tg  *  100 

Eyg  •  100 

r  *wi 

r  M 

la  aolvlnc  EquaUoaa  1.1  and  1.3  tha  ratloa  O^^yOu  and  war*  dataralaad.  ‘Ac  a  IS  parcaat  UmlU 
fcr  D^t  Oy,  R«,  and  wera  calculated  and  appllud  to  eacli  to  daUralna  nuximum  and  mlaimua  valvaa. 
Maximum  and  mlaimua  ration  wars  calculated  ualng  O^max/O^mln.  R^max/R^mln,  Diymln/Dga^  and 
ttf^mln/Rgmax.  Ration  waru  tana  M'oatituted  in  Equatlona  1.1  and  1.2  to  yield  avarage.  maximum,  Uid 
ainimum  atfacttvancaa  valuaa.  Kxamplai 


^TO*  TAO'.'U,  Flathead  at  end  of  waahdowa 

Dy  ■  0.13t  r,  max  0^  >  0«  »  0.15  Ow  «  0.140,  min  ■  D|^  -  0.15  0,^  ■  0.101 
O^a  3.10  r.  maxO^  0.15D^  *  1505,  mlaOy  >  Oo0.15  0^  •  3.535 

I>»  max  mitt  D,, 

~  •  0.04  -r~  ^ 

Ou  min  Ou 

(maxi  100 


.  0.055 


0.03 


maxl\, 

•  lOO  [l  -  0.03]  ■  93  percea 


r  Dw  mini 
^  0^  maxj 

100  [1~  0.04]  •  90 


EXDloUni  ■  100 


Dw  mnxl 
^  Dy  min  J 


parcaat 

100  [l  -  9.(;S53  ■  94.5  parcaat 


A.2  iiCD  AMD  ^UB 

Calculatioa  o(  Ego  and  Egg,  Squattoti  1.3  and  1.4,  was  aceompliahad  aa  followa: 


KOJ,  .  I00[l-*^J 

a.3) 

„  r  «w-ai 

'“'•‘“[‘-a.-Aj 

11.4) 

Maximum  and  mtoimum  valuaa  for  the  ratios  (Dw  -  a)/(Du  -  a)  and  (R«  -  A)/(R^  "  A)  »ara  datsrmioad  by 
tubatitutios  of  values  so  that  tha  largest  possible  numerator  was  divided  by  tha  smallest  denominator  pr»> 
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d, icing  a  maximum  value  and  vice  versa  for  the  minimum.  This  method  was  chosen  so  that  the  final  limits 
on  effectiveness  reflect  the  widest  probable  range.  Example: 


Edd,  YAG-10, 

Zuai  at  the  end  of  washdown 

Min. 

Max. 

Avi^.  Remark 

-  7.40 

10.0 

8.71  Avf  i  19  percent 

Dy  >  U.2 

47.« 

41.4  Avf  *19  percent 

a  -  1.11 

3.32 

X21  Estimate  *  90  percent 

Max Dw>  Mina  1 

Mini  mum  Eqq 

-  100  1 

'  Mia  Ou  -  Max  a  J 

•  104  1 

1  10.0- 1.11 1 
*  38.2- 3.33 J 

•  100 

r^J 

•  100  {)l  •>  0.30]  -  72  peremt 

1 

r  MlaDw-*^*l 

Uudmum  Ipp 

>  100 

MaxOu-MlaaJ 

•  100 

r  T.40-3i32l 
[*"  47.0-  1  llj 

•  100  j 

•  100  [l  -  0.00]  ■  91  percent 
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0.  S.  Naval  Radtologlcat  Oefenae  Laboratory,  Baa  Pranoitoo  24,  Callfomia;  CoafldentiaL 

f.  M.  M.  Bigger  and  otbarai  “field  (ffaotlveaeae  That  of  a  Waabdown  Byateta  on  aa  Aircraft  Carrier*; 
Report  Na  USNROt,*tlB,  June  1988;  U.  B.  Naval  Radiological  Oefenae  Laboratory,  Baa  f  raaetaoo  24, 
California;  ConfldentiaL 

f.  R.  R.  Soule  and  otbere;  “SlScaey  of  a  Contact  Water  Curtain  ta  Proveatlng  or  Mlnimialng  Cootaml* 
anuon*;  Report  No.  AO>187T,  January  I960;  U.  &  Naval  Radiological  Oefenae  Laboratoiy,  Baa  Praaelaco 
84,  California;  CaafidaatlaL 

B.  M.  &  Hawkins  and  otbere;  “Dalermlantian  of  Radiological  Kaaard  to  Poraonnel*;  Project  8.4,  Opera¬ 
tioa  Wigwam,  WT-1018,  July  1984,  Cbapter  4;  U,  3;  Naval  Radiological  Defense  Laboratory,  Ban  fraacieco 
84,  California;  Offloial  Use  Only. 

t.  T.  Trtffat  oM  otbers;  "Characteriution  of  fallout'*;  Project  2.63,  Operation  Redwing,  ITR-iai?, 
fabruary  1987;  U.SL  Naval  Radiological  Defrnae  Laboratory.  Sdn  frandsco  24,  California;  Secret  Re- 
etrlcted  Data. 

10.  M.  M.  Bigger  and  H.  B.  Curtis;  “General  DeacripU-m  of  Teat  abipe  YAO-99,  YAO-40  and  * ''  r*411; 
Report  No.  n*t41,  June  1947;  0. 8.  Naval  Radtologioal  Defeaae  Laboratory.  Ban  franclaoo  24.  v.allfomia; 
Uadaseifled 

11.  V.  A.  Van  Lint  and  otbarat  “fallout  Btudloa  Ibirlag  Operation  Redwing*;  1TR'-1884,  October  1984; 
field  Command,  Armed  forces  facial  Weapons  Project,  Bandls  Base,  Aibuguerque,  New  Mnatco;  Sseret 
Reatrioted  Data. 
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tm  Acrmrm 


1  C&Uf  cf  luff  for  NUtUr7  0i«miae4,  B/A, 

WMttla4too  i),  O.C.  ATlti  Sir.  of  dtU 
i  nt»f  of  Il4«4iir«>  oal  Ovulotant,  B/a,  Uwktii<taa  2}, 

B.e.  irnit  aubii  air. 

)  A««uuat  CkUf  of  tuff,  XBUUt«M)M.  b/a,  ««4kla<toa 

iB.  n.e. 

!•  9  n*  juarui—iiur  Oaorral,  B/a,  VosAfa^tan  29,  B.C.  lITIi 

l»M«nk  wil  Brr. 

6*  T  OUf  OMBlaat  Offlaw,  S/A,  WMtlii<to*  29,  B.C.  _ 

6  CkUr  of  lB«laMr*,  B/a,  Wukla«laa  29,  B.C.  4?!fi  PCTB 

t  eU4f  of  iBMtaam,  B/a,  WuMAftoa  29,  B.e.  ATSi  OES 

to  Ckltf  of  B/a,  V4«ktii41oa  29,  B,e.  ATTIt  UUIi 

U*  U  'yff\m,  Chuf  of  ONamm*,  B/A,  li4ikt«4Ua  29,  B.e. 

Arm  can 

19  CAlaf  11«m1  OfflMT,  B/A,  Cask.  B>r.  mC  0|«.  B1*., 
MukUctoA  29)  B*0«  ATiat  tUCO* 

Jk  Cklof  of  TroMforutloB,  B/a,  OfflM  of  njMlai  cat  tat., 
VMkla^toa  29,  B.O. 

19*  li  Tka  turiina  (lumal,  8/a,  VaoAlaiMi  29,  8.0.  ATIBt  MM 
XT*  19  OoaMhllai  flwnraX,  8.8.  CaatlatauX  A<a  CmmM,  ft. 

HMfe«,  T«. 

W  Btraator  of  ttMUX  fAoyoM  BmXoiBoaA  Cfftaa,  1mA> 

loaruta  COMJB,  ft.  Ulu,  Tka.  tOftt  Coft.  CkMtar  t. 

fatMMi 

21  frul4*at,  0.8.  Aiwf  ArtlLlatr  aurl,  0.8.  Caatlanul 
Anv  CoMHal,  ft.  8U1,  OklA. 
at  fraolAnt,  0,8.  Anr  tafoatry  loaH,  ft.  Itaalij,  Qa. 

2)  fTMlAaat,  0.8.  Any  Air  BtftaM  loaH,  0.8.  CaatlaaaUX 
Af«f  CoBaaol,  ft.  8X144,  fka. 

2k  fraatAaat,  0.8.  At^r  Arlatlaa  Itart,  ft.  fuaaar,  Ala. 

Arm  Aaa<a> 

29  Cfawairfini  9«Mf«X,  flrat  Qkit««  8utM  Anf#  9av«ne»’a 
It  111,  8av  Ton  A,  B.T. 

2<  Cfanltia  OnonX,  taaaa*  0.8.  Anf^  ft.  Ooorfi  0.  Hoita, 
Mi 

2T  Cnaaantlrn  QaatnX,  TUH  tiau4  t'aUa  Anr>  ft.  Mtfteroea, 
oa.  ATKi  mn 

2t  >•».— Qaaoral,  foartfe  Bktut  autoa  Anr,  ft.  8m 
toMtoa,  Taa.  AnOi  0*3  taatloa 

29  CnMimllBi  OaaaraX,  ftfU  BkluA  tuua  Anv,  i860  8.  IfAa 

fork  llT«.,  CTitaaoi  X9>  XXI. 

30  rioMnllin  OaaaraX,  8 latk  Okltat  tuua  Azar.  fraaUta 

of  laa  rraaalaao.  On  fnaalwo,  OaXlf.  ATSli  AtaCT*A 
3X  Paul  1 1  111  OaaaraX,  MlXltaiy  Btatrlat  of  V«akia«wa,  OM, 
tooa  I9A3,  *Mt.  T*T,  OiaraUy  niat,  ta. 

J2  CotBudaat,  0.8.  Aitv  CnMiiil  t  OaMTal  luff  CnlXaM) 
ft.  Xaaraarertt,  taaaaa.  AITIi  AKSVV 
39  nriMiiiliiri-  0.3.  Aiar  Air  Safaaaa  SoinaX,  ft.  tUaa, 

Taa.  aTHi  Batt.  of  taatlaa  rat  Coattnat  Araa 
3k  CiMialaat,  0.8.  Anr  AMorat  laaooX,  ft.  (aoa.  If. 

39  OOMtalaBt,  0.8,  Ant  ArtlXlarr  rat  OlMlla  8tlB01, 
ft.  tlXX,  Okla.  ARIi  CoMat  BrraloMMt  f  lartaMt 

36  COMaalnt,  0.8.  Ain  ArUtloa  Sctool,  ft.  lacMr,  Ala. 

37  OonaBliBt,  0.8.  Any  lafOBUr  teMol,  ft.  Baaalst, 

Oft*  Aflll  Caffi^t 

38  XAm  iioanstaataat,  0.8.  KlXlUiy  AcaAtnr,  Oaat  fout, 

a.r.  AROi  frof.  of  OrOuaaa 

39  OPMoaiaat,  Tka  Oaartataaatair  taaool,  0.8.  Ain,  ft.  Xaa, 

Ta.  Aim  Cklaf,  «M  Ubraty 

to  OoaaMiaat,  0.8.  Ain  Or^aanaa  aehooX,  ttirlOM  frarln 
Oroaat,  M. 

tl  COMaalMt,  0.8.  Ain  Ortnaaaa  ant  Oiltat  MtaatXa  snooX, 
jatatoaa  AraaaaX,  Ala. 

A3  r 'Marillri  OaaaraX,  CkaaleaX  Ooiya  Tialalac  Coat.,  ft. 
MoCXaXlaa,  AXa. 

A3  OcaaaaOaat,  OH  tltiaX  tabool,  ft.  Naraotitb,  U. 

AA  Ooaaaataat,  WA  Tranaprrt  SekooX,  ft.  laatla,  n.  A73li 
taeuilty  aat  Tsfa.  Off. 

A9  riManUni  OaaaraX,  Tka  iBclaaar  Caetar,  ft.  laXaotl,  Ta. 

ATOI:  Aaat.  Catt,  bar.  SetooX 
A<  esaaoEdln  OaBaraX,  Am  IMleaX  Sarrlca  S<-JboX,  Broota 
Am  NadlaaX  CaaUr,  ft.  Sm  Bowatoa,  Taa. 

A7  Bliaotor,  Aiaat  Ibroaa  Xoatltvu  cf  rataaXoay,  UaXur 
JIaat  Am  Aat.  Caatar,  £29  l£tk  3t,,  W,  Tuttnytca 
29,  B.C. 

AA  CcaaMsdlari  Offlear,  Am  IMlcal  BaaaarcA  Ub.,  ft. 

Cnox.  Xi. 


19  CcManUet,  WalUr  Saat  Am  Ia»‘*  ''•Xl*' 

Boat  Am  NatloaX  Canur,  Vaablc«toii  29.  9-C. 

90*  9X  CoMaodlsa  Oaai.-il,  •  KABCoat.,  itl  MB  Cntr.,  SatUk, 
Maaa.  AIWi  CH  XXataoa  Offloar  ... 

9I.  93  CoMantlat  Oauarai,  3.3.  Am  CksaluX  Corf,  taaaaroA 
aat  Barrlotaaot  Coat.,  VaaAlaatoa  29,  B.C. 

9A-  99  CaBa3U*t  OffUar,  CkMlaaX  Warfara  UA.,  Am 
OaataaX  Canur,  Ht.  ATHi  tkaA.  UArair 
98  eoMaotlst  OaaaraX,  tnloaar  8aaaar«h  ant  Bar.  lab., 
ft.  talroir,  Ta.  Aftti  Cblaf,  laab.  »<pwrt  Braneh 

97  Bliwur,  Waurrva  Iiparlaant  Itatloa,  f.O.  Boa  63X, 

Tlakaburi,  NIm.  Aim  Library 

98  fnaarrilliii  Offlaar,  ftaattaV  AraanaX,  Itorar,  tJ, 

AfXOt  CB08*®  ...... 

99  CnaaiinHat  Cffloar,  Blaaont  Ort.  run  taba.,  Vaahln^ 

29,  B.C.  ATX9I  Cblaf,  Baalaar  TolnarabUlty  ».  {2»» 
60*  CX  Coaaaatlnt  Qanaral,  Abartaao  fforlno  Ormiada,  M.  Allti 
Blraator,  BalXlitlta  Baaaarab  laboratory 
At  OHBMtlat  Oaoaral,  fnnkfoit  AraaruX,  Irttta  aat  Taaon 
•t.,  niXatalpbla,  fa. 

A9  f>i^il1ii|  Offloar,  Watarrllat  AnatiaX,  Waurrllat, 

Baa  Ton.  Amt  dUf'M 

At*  69  rranaillni  OanaraX,  0,8.  Am  ON.  MliatXa  Coaaant, 

AXab 

At  r - I  OffUar,  ON.  Watarlala  Btaaara  Off^ 

Hatartoaa  AiaaaaX,  aatartoaa  72,  Haaa.  ATflli  ftr.  ^tar 
AT  rianiiilUl  OanaraX,  Oftaaaa#  Tank  AuHnotlra  Ccanant, 
Batnlt  AraanaX,  Canurllaa,  klak.  Ami  (JllC.kO 
A8  ftanaittUg  OaMtaX,  ONaanaa  AaMBltloa  Cimant,  JoXlat, 

m. 

A9  rtniillni  OanaraX,  ONaanaa  Uaapona  Coaaant,  Bonk 
. .  XXX. 

TO  raninlltt  Offlaar,  OH  BlHaX  BAD  UBoratoiy,  9t. 

IIDM0%^8  Va^8 

Tl  OoaaantUt  OanaraX,  O.B.  Am  nNttonla  frorlHA  Orount, 
ft.  Btaalnaa,  Aria.  Amt  TaaB.  Ubraiy 
Tt  Coaaantlnt  OanaraX,  CM  foabat  atrrallXaaaa  A«nay, 

XXlk  8.  Utblani  tt.,  ArXtatua,  Ta. 

T9  CtMMlln  Cfftaar,  DH,  ttouX  IBft  Ubotatory.  Tt, 
Itomntb,  IJ.  Amt  Tkak.  Boa.  Ctr.  Briaa  Araa 
1%  CnMultat  OfMoar,  CIA  Imayortatl.  Ml  CMt., 
ft.  autu,  n.  Ami  Cktaf,  lacb.  araa.  Btr. 

T9  riaariaiil  Offlaar,  CM  Tnaaportattoa  Coabat  Bml0|nant 
Onn,  Xt.  laatla,  Ta. 

TA  BUaaur,  Oparatlona  Maaarab  OfflM,  Jobaa  Bopkloa 
Oklraratty,  £739  ArXlii«t«n  M.,  latbaata  XA,  M. 

TT  eMM»4ar*la.<buf,  O.S.  Am  turrna.  AfO  103,  *<"  Tort, 
I.T.  Ami  Opot.  bit.,  Hrapoaa  Br. 

T#  CraniTiain  OanaraX,  Bowtban  Iuro*a««  Tkak  foraa,  AfO 
Xta,  Baa  Ton,  B.T.  Amt  AOoft  O'X 
T9  niki-|i‘-t  OanaraX,  BlHth  O.B.  Am#  AfO  30X,  Baa 
fnaaltae,  Caxxf.  Amt  AOon  0*3 
80  OoMMtln  OaaaraX,  O.B.  Am  AUaba,  AfO  7k2,  BaatUa, 
***fMrt**n 

6X  eamaAlnc  OaaaraX,  O.B.  Am  Carlbbaan,  ft.  MaAnr, 
OtaaX  Boan.  ATTIi  OrfBanM  Offlaar 
at  C>»Matir.l><blaf,  0.8.  Am  Halfla,  AM  999,  laa 
fmaUa.,  Cillf.  Am:  Crtaanaa  Offlaar 
83  - - ammnl,  OHVAn  A  KM,  ft.  Iroobs, 

m 

89 


_ .la-Cklaf,  8DC(BI,  AM  128,  Baa  Ton,  B.T. 

Craaanaiin  Offlear,  9tk  BoaplUX  Canur,  AM  IflO,  Brw 
Ton,  B.T.  Ami  CO,  08  Am  Bualaar  NNlataa 

Bataan*  BaraaMMt,  Banpa 


MTi  AcnTtma 

8A  Cklaf  of  BaraX  Oparatlona,  B/l,  Hwblacton  29,  O.C. 

ATHi  or^tiiao 

8T  Cklaf  of  BaraX  (Tparatloaa,  B/t,  UaahianuM  29.  O.C. 

Aiai  or-ix 

86  Cklaf  of  HtaX  Oparatlona,  O/B,  Vaablncton  29.  O.C. 
Ami  Of-3A 

89  Cklaf  of  Hral  OparaUooa,  0/8,  MabUaton  29,  O.C. 

Ami  Cr>9X 

90  Cklaf  of  BaraX  Oparatloaa,  O/B,  Vaabln<ton  2k,  O.C. 

Amt  0f-9e2OX 

91  Cklaf  of  Hral  Opanttona,  O/B,  UubliKtca  29.  O.C. 

ATHi  aP<92202 

St  Cklaf  of  laul  faraoiiMl,  0/8,  Mablnaton  29,  O.C. 
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n-  «l»f  -t  5»»»i  3/s,  W»»tiS.x*ca  3.C. 

ATTS:  Z.-t»  iU 

V?*  '/>  Jimw  .f  Asnaautlc*,  D/S,  ri,  3.C. 

97-  Ciitt,  durwtt  of  ■••A'.tis*  mJ  Xr^rr,  I(S,  ^«»i:rjt*joa 
?5,  3.S.  *771.  ■’■•  .U1  WfB..  3tf.  3l». 

W  Clsl»f,  Sur«i'4  of  7riuu«,  3/S,  VMhtrjioos  r5,  S.C. 

XOO  Csl«f,  SuTMU  of  araucc*,  S/S,  WAihl'C.os  3.f. 

Aral  s.>. 

151  M!«r,  KrMu  of  3/1,  Vuhlr.r-^a  79,  S.C. 

ATnii  CoA*  W] 

U>?  C3Uf,  *irMa  of  Tu4a  tal  OmU,  B/S,  Uaoaio^w*  79, 
S.e.  ATSl  S-AAO 

IS]  Mnsoor,  3.1.  Itf*l  liMan*  lAkontors,  Mi«*-lTnTq» 

39.  9.C.  ATili  M».  tAiterlM  I.  C*M 
1IA-U9  OcaaacAtr,  0.1.  Smiil  OrisAaM  tAior**.At7,  Alt*  Oil, 
IUtw  lirlBi  19,  M. 

U6  UntUT.  mttrux  Ltk.  (Oste  JM),  Sw  Tort  >i«*l 
lkm«rt,  ItwAlf*.  I.t. 

lOT  fVi— nillnl  OfflMT  tM  Stmtar,  ttry  Cmtramla* 
Uietttorr,  *«  Sum  V,  ciur. 
loa  CoMMUial  CfflMT,  9.1.  turn!  Him  OtfMM  Uk., 
fSaaM  ClOf,  flA. 

10^U3  fn— «l‘n  OfflMr,  9.4.  IlMl  l>U1*ln«fal  Sttwcm 
Ukoratarr,  ttmiUm,  Okllf.  At9«  fM. 
talk.  Ot*. 

U3<U9  Offl««ftii<Cten|i.  9.4.  Sa««1  etiU  SMiaMfUi  M  U»., 
9.4.  Si««l  OeMMkatlai  Bi.  e«*ur,  fan  laumm, 

OUlf.  Anil  Calt  79) 

U<  li9«rt«ia*A*At,  9.4.  Sttki  AMMalta.  M. 

U7  C— Attllai  CfflAar,  9.4.  SinA  t«jmU  Camttt,  9.4. 

SataA  Sutsaa,  Irmmtn  Itlaal,  am  TrmtUm,  Ckltf. 
U4  Sui*rtatMi>Mt,  9.4.  MraX  tmxm%amu  Irtni),  Itoktatas, 
CUtf. 

U9  QfflMfl>.«)iwfi.  3.4.  4a<*A  4ttoal,  OS  OfflMn,  9.4. 

•toal  CaMtrwolok  S*.  Cantar,  fort  tmmmm,  CtUf. 

UO  fr—Mllai  Cmaar,  BttAaar  Vaafoaa  Traiau^  Caatar, 
AUaatta.  9,4.  Sa«aA  laaa,  isffoll  U,  T*.  Ar9i 
>wtaif  larfara  Sat*. 

131  ffi—aiitini  Sfflaar,  A* laar  Waaaoaa  ti«tAta«  Caatar, 
fMlfla,  tiiKl  Stattaa,  laa  9)ai>,  Oillf. 

Ut  enaaaaillni  Ofnaaa,  9.1.  ftaai  SMaaa  Caatnl  ?««. 

Oaatar,  Saval  laaa,  nUAAaiikta  U,  H.  ARIi  UC 
Oafaeaa  Oovraa 

UJ  O—iilIm  Cfflaar,  air  Onalopaaat  ItuaAna  9,  n.9, 
Cktaa  laM,  Calif, 

l3k  Olmior,  knl  Air  brarlaaet  Slaitaa,  Atr  Naiartal 
Caatar,  9.4.  Saaal  Saaa,  nuAadaloau,  H. 

139  CoManlar,  Offlaar  9,3.  Baral  Air  Drfal'iaaat  Caatar, 
JoaaaTiXla,  fa.  ATTIi  SA4,  Ukrarlaa 
174  O'Maiimi  Cfftaar,  9.4,  Ihral  MalUal  Saaaana  laatttata. 

latlseal  Siaal  Nallaal,  Caatar,  let.>iaaaa,  M. 

V3T  Ci'MaBiltni  Cffiaar  aal  Blrtator,  OiTtl  1.  ^isr  Nolal 
laaia,  »aa«taci£a  7,  O.C.  Anii  Ukrars 
134  Cfflaar-la'Oiarta,  9.4.  Sara!  Svarlr  laaaaral  wl  Datal. 

Ofaaet  faatlltr,  Sa«al  Itnlf  Dafat.  lar^ la.  MJ, 

179  C  aanilar-U-Caiaf,  9.4.  Atlaatla  flaat,  9.4.  laral 
a«M  Sorfola  11.  fa. 

iy>>13)  C —iilant,  9.4.  Hirtiia  Corpa,  Waaainavia  .'O,  B.C. 

Am:  Co4a  AQVI 

1)4  CcaanAla*  Canaral,  flaat  Ntflaa  ftiaa,  Atlaatla, 
isrfoU,  Ik. 

1)9  Slraator,  0.4JI.C.  aralopaaat  Caatar.  0,9JI.C.  SaAoola, 
ijuaattao,  Ik, 

U4  Dliaator,  9.4JI.C.  t9>iaattaaal  Caatar,  9.4JI.C.  laAaola, 
^uaatlao,  7a. 

1)7  CciwiKlant,  9.4.  Coaat  guar*,  1)00  I.  It.,  W,  Waakta«tca 
79,  S.C.  Am:  (CIS) 

109  CAlof,  Buraaa  of  SSlpa,  3/4,  Vaaklnatoa  39,  9.C.  ATtSt 

Coaa  J77 

I) 9  CaaaaDlar'la.Ci'.af ,  faalfla,  faarl  Aarkor.  T.l. 

110  Coaaa&Aafta.O:laf,  0.4.  faalfla  flaat,  flaat  foat 

Offloa,  3ui  franalaao,  Calif, 

All  it:sc:  iSTTfmu 

111  Aaalttaat  for  Auala  barff,  X),  UUr,  kamaitoa  39, 

B.C.  Am:  3Ca,  0 

113  Oaputf  CMaf  of  Staff,  Oprratlona,  >).  9417,  OaaUa^Ajn 
*3  9.C.  Am:  AfOCf 

II)  Saputf  CAlaf  of  Staff,  Op.rmtlona  ».  94Af,  Vaakla«toa 

79,  S.C.  Am:  Cparattona  Aaalrrla 
in  Olractor  of  tnatallatlona,  M,  oiu/,  VaaAlsatca  79,  O.C. 
Am:  AfUlX'S 


119-114  Axlcast  Chlaf  of  Staff,  In-aUlAonca,  !i).  C3Af, 
■3«*.".ltaton  79,  D.C.  Am:  Arc:S-I37 
II7  Blractsr  of  3aMarc.*i  o.-.d  3tTaU,aar.t,  3C3/0,  X),  9SAf, 
W.ahl.oA^on  .'9,  3.C.  AfiS:  Gofianca  and  Vaapooa  31t, 

114  17.a  Soraacn  Gararal,  ’a.  (."SA/,  Waaninatoa  79,  O.C, 

Am:  B(o..3af.  fra.  Kad.  BlTlalon 
II9  C^atidar-l.o.C.’ilaf,  3trtla«lo  Air  Ccsmand,  Offtitt  AfS, 

Sak.  Am:  Ciws 

190  C-Mcdar,  Taatical  Air  Ccamind,  Iitn«laf  AfS,  7a.  Am: 

Ka,  3a<-arltf  Branch 

191  Coautndar,  Air  Oafanaa  Coaaaod,  Xnt  AfB,  Colorado, 

Am:  Atcala  laarqr  Sir.,  ASIAS.A 
194  CcaBaroUr,  Bg.  Air  Saaaareh  aod  Daaalojaast  Ccaaaiid, 
Ahdrava  Afl,  vaahlnstoo  29,  O.C.  Am:  SSiWA 
19)  Cfandar,  Waatan  Daaalspaaat  Sdrlatoo  (ASK)  f.O. 

loa  343,  Inslaaood,  Calif.  Am:  kOSIT,  Nr.  4.  0.  Valtt 
19^199  Craaaiiilar,  AS  Caahrtdaa  kaaaarah  Caatar,  L.  9.  Btaaaoa 
rtald,  SadfoH,  Naaa.  Am:  C4A8f-3 
194-140  Orniiilar,  Air  foraa  S^lal  Vaaposa  Caatar,  ttrtlaad 

Aft,  Alhaqaaisua,  I.  Mas.  ATttl  Taah.  Isfo.  4  latal.  Sir. 
lil-l£3  Olraator,  Air  Calraraltf  tdhrarr,  Maivall  AfS,  Ala. 

14)  Ooaaandar,  tovTjr  AfS,  Danrar,  Colorado,  ATISt  Otpt.  of 
Is.  Wpna.  Tb4, 

lA  Cwaanli lit,  Sthool  of  Aatatlon  Madlalaa,  COAT,  Saadolfh 
AfS,  fas.  Amt  Staaareh  Saaratarlat 
14)  CraaiiiJar,  1009th  Sp.  Npss,  htuadnn,  3).  CSAf,  tfashlsftos 
39,  S.C. 

144-144  ftaaaii  lir,  Wrlakt  Air  Staalotaaat  Cantar,  WrisSt-fattanor 
AfB,  Saptoa,  Ohio.  Amt  WCCSt 

169-170  Bliaator,  CSAf  frojaat  MD,  7Ui  CSAf  LUlaoa  Offloa. 

rm  BASS  Corp.,  ncc  Nats  St.,  Santa  Monica,  Calif, 
m  CnsBandar,  Air  Safanaa  i^ttaaa  Intasratloa  Sir.,  t,  0. 

Suaaoa  ftald,  SadforS,  Naaa.  Amt  SI3.4 
Xl}  Aaatataat  Chlaf  of  Staff,  IntaUlsanaa,  St.  CSA/B,  AM 
4)},  4a»  Tork,  B.T.  ARB:  Dtraatorata  of  Air  Ikrtata 
Xn  Ccaaaadar,  Alaatas  Atr  Coaaanl,  AfO  243,  Baattla, 
Vathla4toa.  ATTBi  AAOIB 

174  Ooaaandar- ta-Chlaf,  faalfla  Air  foraaa,  AfO  99),  Saa 
franalaao,  Oallf,  Amt  ffClS*MB,  Baaa  Baaorair 

cim  stfAjrsisn  cr  SBfssBB  Acnmna 

199  Aaatataat  Saaratarp  of  Safanaa,  Bacaareb  u4  Ia(l»aarla4, 
SCO.  tfaahln«toa  39,  O.C.  ARB:  Taah.  Uhrarp 
lit  BSaautlra  Saarataif,  MUltarp  Ualaoa  Coaalttaa,  f.O. 

Bos  13lh,  VtahUftoa  3),  O.C. 

1T7  Chatikaa,  Anad  hairteaa  Xsploalrat  Safatp  Board,  SCO, 
BkUdli«  T-T,  Crarallf  fotnt,  Wtchtn«ton  3),  S.C. 

174  Slraator,  Vaapona  Sfatcaa  Iralcatlon  Oreup,  Beoa  1X800, 

Tka  fantasnn,  kaahlnstos  39,  O.C, 

179  CoMMdant,  Tha  Induatrlal  CoUaga  of  Tba  Araad  hraaa, 
ft.  NcBatr,  Wtahlostoa  3),  O.C. 

IBO  Qcaaaadaat,  Anad  foinaa  Staff  CoUasa,  Borfolk  11,  Ta. 

ARB:  Bacratary 

181-144  Chlaf,  Anad  fPrcaa  Spaalal  Vaapona  frojaat,  Vaahlnttca 
39,  O.C. 

109  OcaBoodar,  flald  Canard,  AfSIf,  Bandta  Baaa,  Albosuartua, 

4,  Mas. 

190  Ooaaaadar,  ftald  Ccinaad,  Afaif,  Saadla  Baaa,  Alimqatrfoa, 

4.  Has.  Amt  fcn 

191*199  Cosnnlir,  ftald  Conaad,  AfSVf,  Bandth  laaa,  AlhudoaiMua, 

4.  Mas.  Amt  ton 

194  OcBModar,  JIT-T,  Arltniton  Ball  Butloa,  Arllnctoa  13, 
fa, 

197  9,4.  Doraaata  Offlaar,  Offloa  of  tha  tlkltad  Btataa 

latlonal  Military  Bapraaantattaa  •  SBAfB,  AfO  99, 

Bar  Tort,  B.T. 

AKiac  mnr  ccnussicb  Acrmma 

194-300  a.S.  AtnoUo  tnarfy  Caaaltilon,  Taohnloal  Baporta 

Ubrnry,  Waahloitoa  39,  O.C.  Amt  Nri.  3.  N.  C'laaiy 

(for  3MA) 

301-3(S  loa  Alaaoa  Salantlflo  laboratory,  Baport  Library.  f.O 
BOS  WO],  w»  Awmurn,  a.  Mas.  Al'ist  naian  Sanaa 

30)-3C7  Saadla  Oorporotton,  Clstalflad  Sooiaont  Slatalon,  Saadla 
laaa,  Albuquamua,  S.  Mas.  ARM:  H.  3.  Sayth,  Jr. 

304-310  Cktraralty  of  CaUfaniU  lovraeoa  Badlntton  lobontoiy, 
f.O.  Bos  eoe,  Uannota,  Csllf,  AR9t  Claris  0.  Crnli 
311  Uanpon  Data  Sootlon,  Tachnloal  Infomatlon  Sarrtea 
Bstanalon,  Oak  Rid«a,  ftnn. 

313-349  Toehaleal  Infomatlon  Sarrloo  Bstanalon,  Oak  Rldfa, 

Tkoh.  (Surplus) 
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